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ABSTRACTS 


Cormeen one 


Babson, A. L., Read, P. A., and Phillips, G. E.: 
The importance of the substrate in assays of acid 
phosphatase in serum. Am. J. of Clin. Path. 32:1 
83-87, July 1959. 


A comparison is made between six generally een = 
used substrates for their relative specificity to 
prostatic and erythrocytic acid phosphatase. Re- 
sults showed that a new substrate, alpha-naphthyl 
phosphate, was twice as specific as beta-glycero- 
phosphate and 40-100 times as specific as all 
other substrates investigated. Acid phosphatase ee i 
assays in serum should be specific for that en- 
zyme arising from cancerous prostatic tissue. 
The substrate alpha-naphthyl phosphate* is spe- 
cific for this enzyme. 

















Babson, A. L., and Read, P. A.: A new assay for 
prostatic acid phosphatase in serum. Am. J. Clin. 
Path, 32:1, 88-91, July 1959. 


A new and specific method for the determina- 
tion of prostatic acid phosphatase in serum is 
presented. The method is based on the use of a 
new substrate alpha-naphthyl phosphate which 
measures only prostatic acid phosphatase. The 
method is simple and rapid to perform with a 
minimum of manipulation. In this procedure the 
color developed represents prostatic enzyme ac- 
tivity alone. The reagents for this new method 
are available in convenient and stable form.* =a 
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assures reproducible results using standard technics 





In prothrombin time determinations” highly 
accurate, reproducible results are essential; 
with the new Adams Thrombitron they are 
certain. The sensitive mercury thermostat en- 
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37°C (+0.5°) tem- 
peratureof plasma, 
a thromboplastin, 

"= and prothrombin 
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nates the need for 
water bath. With 
| the Thrombitron, 
, all the required 


Viewer for loop method 








test components are within finger tip reach. 
The entire test can be performed with the 
technologist seated at the lab table—no 
wasted time or motion. 

Unit is designed for either accepted standara 
method —‘“‘tilt”” or “‘loop.”’ A constant light 
source and magnifying viewer assure accurate 
observation. The Adams Thrombitron has no 
moving parts or complex electrical circuits — 
no maintenance problems. Price $225 


AVAILABLE FROM YOUR DEALER 
For further information write to 


Clay A ams New York 10, N. Y. 
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IN SEPTEMBER — (1923) — two biochemists at Toronto challenge current ideas 
about the amino acid composition of hemoglobin. Three years ago, Furth and 
Lieben — using the Voisinet reaction — had concluded that hemoglobin is free of 
tryptophane. Now, Hunter and Borsook!, using the method of Folin and Looney, 
present data which suggests that the globin component contains 2 tryptophane 
residues. Further analysis indicates also the presence of 4 residues each of tyrosine 
and arginine, 8 of histidine, 10 of lysine, and 100 of other amino acids, including 
dicarboxylic acids. 








Since 1923, dramatic contributions to precise determination of amino acid 
sequences in proteins have created new approaches to understanding the dynamics 
of protein biosynthesis. Now one may go beyond the analytical concern with the 
structure of completed proteins to the study of the biological mechanisms which 
control the sequence. For both sets of problems Schwarz BioResearch offers a 
variety of tools: optically standardized natural amino acids — many of them labeled 
with C'4 and H? with high specific activity; peptides and polyamino acids; ribo- 
nucleoside 5'-triphosphates for RNA synthesis. (Labeled forms of these compounds 
will soon be ready). Have you written for our catalog and price list? 





IN SEPTEMBER — (1908) —there is abstracted? a report by Biichner and Klatte 
; on some attempts to determine the nature of the coenzyme of yeast press juice. 
Upon standing, press juice gradually loses its activity, and this is attributed to 
disappearance of the coenzyme. Activity can be restored by addition of boiled 
press juice. Lipase emulsions cause the boiled juice to lose its restorative powers, 
but proteolytic enzymes have no effect. Apparently the coenzyme contains an 
organic phosphoric ester which is split by the lipase. 





Today the yeast press juice coenzyme is well known to the scientific world under 
such names as Coenzyme I, diphosphopyridine nucleotide, cozymase, and DPN. 
Schwarz BioResearch is also well known to the scientific world as a source of 
DPN and other metabolic cofactors such as ATP, ADP, adenylic acid, flavin 
adenine dinucleotide, guanosine diphosphate and guanosine triphosphate. 





IN SEPTEMBER — (1954) —a note from Oak Ridge describes an ion-exchange 
method for separating 5’ ribo- and deoxyribonucleotides. Since the deoxy-com- 
pounds are not separated from their ribose analogs by chromatography with simple 
acids or salts, the authors employed a borate complex method previously used to 
separate isomeric ribose phosphates. This technique is of special interest in view 
of recent evidence suggesting that both types of nucleotides may exist in the free 
state in body tissues.* 





Building on the many valuable contributions on separation of nucleotides by these 
and other authors, new and more economical techniques for the isolation of the 
5’ nucleotides have enabled Schwarz to offer them to you at lower and lower cost. 
Our catalog is the first place to look for all types of nucleic acid compounds: RNA, 
DNA, nucleate salts, nucleosides, purines and pyrimidines. Send for your copy. 


1. Hunter, A., and Borsook, H.: Nitrogen distribution in globin. J. Biol. Chem. 57 :507 (Sept.) 1923. 

2. Buchner, E., and Klatte, F.: The coenzyme of yeast press juice. Chem. Abstracts 2:2568 (Sept. 19) 1908. 
3. Khyn, J. X., and Cohn, W. E.: The ion-exchange separation of the 5’ ribonucleotides and deoxyribonu- 
cleotides. Biochem. et Biophys. Acta 15:139 (Sept.) 1954. 
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BIOCHEMICALS + RADIOCHEMICALS * PHARMACEUTICALS for research, for medicine, for industry 
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LEITZ EXCLUSIVE: the only quality microscope 


leas | that combines these important features... 


and 





e of r . . 
nas 1. Single-knob focusing combines coarse and fine focusing 
‘tis for faster, more convenient operation...saves time... 
ea! simplifies your microscope studies...lets you work in 
ling greater comfort and ease. 
2. The world’s finest optics... high precision construction 
... the most exacting operation — all in a moderately 
wcid priced instrument. 
on . p a Accepts all standard slide sizes. Mechanical stage accepts 
: ; both 3” x 1” and 3” x 2” slides. 
LLC 
i 4. Retractable spring-load mounts on high-powered objec- 
led tives provide positive protection against damage to slide 
he. or front lens. | 
nds 5. Anti-reflection coating on tubes and optics throughout. | 
| 
6. Extra-wide objective magnification range 45-1250x. 
7. Monocular or binocular body rotatable 360° with one- 
y 
ute step locking at any point. 
ice. 
i 8. Variety of mechanical stages available. 
led 9. Selection of attachable illuminators, interchangeable 
rs, with mirror. 
an 10. Wide-field or high-eyepoint eyepieces (for wearers of { 
glasses) available at slight extra cost. 
ler BINOCULAR MEDICAL AND LABORATORY MICRO- 11. Contour-fitted carrying case protects microscope. 
Ny a ye Soon weed eo cciger Pages mena pe ne ' 
4 . mechanical stage ; two-lens condenser wi swing-out upper ‘ 


of clement and irle diaphragm: quadruple nosepiece; mirror = GET ALL THE FACTS...WRITE FOR LITERATURE... 


and 100x vil immersion with spring-loaded mounts plus 




















vin cs Ganien for full information on all the important new features and 
conveniences built into the latest SM microscope. { 
ige MONOCULAR MEDICAL 
g MONOCULAR MEDICAL FILL OUT COUPON...MAIL TODAY! 
m- MICROSCOPE SM. Same as 
le above, but —— "aap ene reas a aeieae laa al cite tieanea AEA ci 
inclined monocular tube. ’ 
to pera monocular microscope . E. LEITZ, INC. Dept. L-9 ' 
— be converted to a binocu- H 468 Park Avenue South, New York 16, New York ‘ 
PW ar unit in a simple one-step t - E e ; i . 
operation. H Gentlemen: Please send me complete information on the: ‘ 
‘ee . O Model SM microscope. H 
M (0 Kindly have representative [] phone or [] write me ' | 
: for appointment to demonstrate SM microscope at no . | 
—_ bli i . 4 
on LEITZ TECHNICAL SERVICE { eo ; 
é ‘ . ; aie ' N 
he is unique in the United States, providing ' — H 
, : H Address ? 
st. one of the most extensive service and 5 ea ‘ mies ‘ 
Ms eras : : é ity one State 
A, repair facilities in the field of scientific § 7° s 
: elephone H 
37768 
1u- 
E. LEITZ, INC., 468 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 
Distributors of the wortd-famous products of 
Ernst Leitz G.m.b.H.,Wetzlar, Germany—Ernst Leitz Canada Ltd. 
LEICA CAMERAS :- LENSES: PROJECTORS . MICROSCOPES - BINOCULARS 
Sd 
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A CONSTANT SOURCE OF HYDROGEN 
AT THE TOUCH OF A SWITCH! 


HYDROGEN 4 


» 


GENERATOR 4 


Al653— 


FOR DEOXYGENATING SOLUTIONS 
PRIOR TO POLAROGRAPHIC ANALYSIS 


Up to 3000 c.c. H, per hour— 
Eliminates Cylinders 


Apparatus consists of a D.C. pack and a 
special electrolytic cell in one compact unit. 
Eliminates the inconvenience of transporting 
and replenishing cumbersome gas cylinders 
and the difficulty of controlling the flow of 
small quantities of gas. Though mainly for 
use in polarography, it can also be used for 
other purposes requiring a small supply of 
hydrogen lor oxygen) such as laboratory 
cumbustion furnaces. 





The flow of hydrogen is controlled by a ro- DEOXYGENATION OF AIR 

tary switch and a coarse adjustment of the SATURATED SOLUTION WITH ——_/ 
pressure is provided on the electrolytic cell. HYDROGEN GENERATOR 

Final regulation is automatic. The two wash Al653 
bottles are constructed to avoid any “sucking | 
back’’ after the apparatus is switched off. In 
polarography, 5-10 ml. of solution can be 
deoxygenated in 3-5 minutes. The apparatus 
may also be used for charging a 6 volt 
battery. 


SPECIFICATIONS: 


D.C. Unit (200/250V 50C) to supply a current of 
6 amps continuously. Ammeter 6 position rotary 
switch, fuses, transformer and rectifier of ample 
dimensions. Electrolytic cell incorporating a spe- 
cial porous plastic diaphragm for low voltage MINUTES 
working (2-4 volts) wash bottles. In self-con- 

tained well ventilated aluminum case complete 


with all connections and instructions. Cat. No. M83732 each, $300 


A product of SOUTHERN ANALYTICAL LIMITED, CAMBERLEY, SURREY, ENGLAND 

















DIFFUSION CURRENT OF 


DISSOLVED OXYGEN 
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APPARATUS 


x 808 BROADWAY REAGENTS 
+ NEW YORK 3. N.Y aE 


Page 16 J. Lab. & Clin. Med. 








MXt*=h(annnoasrar 


an entirely new concept—simple as 1-2-3 
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@ CulturSTAT Reagents are supplied in 
two 100 mi bottles, with a sterile, 


disposable Vacutainer needle. Bottle 1 con- 
tains desiccated perishable reagents of the 
culture media. Bottle 2 contains a balanced 
salt solution. CulturSTAT Reagents have long 
shelf life at normal room temperatures. 
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2) To restore the desiccated material, 
insert the short end of the Vacutainer 


long end through the seal of Bott 
uum automatically transfers the salt solution 
aseptically in seconds. 
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ready to use 
in seconds 
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This product, originated by Cappel Laboratories, eliminates 
entirely the time and effort required to obtain and pipette 
individual ingredients of a tissue culture medium and to 
adjust to the proper pH. The possibility of pipetting errors 
is eliminated and uniformity is assured by standardization. 


Ask your dealer for CulturSTAT Tissue Culture Reagents today. 


Cappel, CulturSTAT and 
Vacutainer are trademarks 


plete, sterile tissue culture, at 7.4 
pH + 0.2, is ready for use in seconds. 


Cappel Laboratories 


ANIMAL BLOOD PRODUCTS * TISSUE CULTURE REAGENTS * DIAGNOSTIC REAGENTS 


West Chester, Pennsylvania 


Division Oo F LABORATORIES, 


INC. 
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West Chester, Pennsylvania 








FIVE REASONS WHY 
THE AO SPENCER 


MICROSTAR 


IS YOUR BEST 


MICROSCOPE 
BUY 


Time-tested .. . Performance-proved: More AO 

Spencer Microstars have been sold in the five 
years since its introduction than any other labora- 
tory-medical microscope over a similar length of 
time. This all-time favorite is still your best buy 
today, offering you mechanical and optical superi- 
ority proved in actual performance. 


Sure-fire Photomicrography: Photomicrographic 

bodies with coupled visual and photographic 
systems let you shoot what you see :.. quickly and 
effortlessly. There’s no guesswork, no hit-and-miss 
attempts to expose properly to a variable magni- 
fication system...no time or film wasted. You 
always know the resultant magnification, field size 
and ultimate film magnification. 


3 Built-in Illuminator with Field Diaphragm: Micro- 
star’s Built-in Base Illuminator has a field 
diaphragm. You can control the light to illuminate 
only the area being photographed ... eliminating 


Disenteon ttl &) Optical 


COMPANY 
INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


extraneous light and glare. You use all the numer- 
ical aperture provided by each objective, get 
maximum resolution and definition. 


Both Right and Left-hand Mechanical Stages: 

Microstar Bodies are rotatable. ..so AO gives 
you a choice of both right and left-hand stages. No 
matter how you prefer to use the microscope, 
orthodox or reverse positions, you can order a 
mechanical stage with controls located either to 
your right or left hand. 


Building-block Concept of Design: Microstar’s 
building-block concept of design permits over 

600 possible combinations or models to choose from 
. you select a Microstar that exactly suits your 
requirements. Complete interchangeability of 
bodies, nosepieces, stages and bases means you can 
add accessories or partsas your requirementschange. 


Write now for 24-page brochure giving complete 
information about the AO Spencer Microstar Series. 


Dept. W15 
Gentlemen : Please send 24-page Microstar brochure, SB124. 


ame 





Address 








City Zone State. 


IN CANADA write — American Optical Company Canada Ltd., Box 40, Terminal A, Toronto, Ontario. 

































Paragon Stains Paramount Quality 
Vested and proven stains of the very highest quality 


PAPANICOLAOU STAINS—PARAGON 


EA-36 EA-65 OG-6 


Harris Hematoxylin (modified) 


Papanicolaou Stains prepared according to the original formulae for the 
cytological diagnosis of cancer by means of the smear technic. 
These stains conform to Paragon’s rigid standard of excellence in every 
way at a modest cost that renders preparation by the laboratory technician 
unnecessary. 

STABLE READY TO USE 
Each lot of stain is tested against smears in our laboratories for correct 
differential staining, color balance and transparency. 


**e 2# &# & &# HH HH H H 


PAPANICOLAOU STAIN—PARAGON EA-36 
For general staining of vaginal and cervical smears and in endocrine 
studies. 

PAPANICOLAOU STAIN—PARAGON EA-65 
For staining smears containing much mucus as sputum, gastric and 
pleural fluids, ete. Similar to EA-36 but yielding better differentiation 
in the presence of mucus. 

PAPANICOLAOU STAIN—PARAGON OG-6 
The Orange G stain for use with EA-36 and EA-65 in the Papanicolaou 
technic. 

HARRIS HEMATOXYLIN—PARAGON (modified ) 

For Papanicolaou Staining 
A modified ready to use Harris Hematoxylin Stain specially formulated 
for Papanicolaou staining. It yields a sharp blue nuclear stain with no 
staining of the cytoplasm. 


*e*e @#*# &©@ &# &@ &@ & & & 


PAPANICOLAOU STAINS—PARAGON are packed in two convenient sizes 
only, a 250 ¢.c. and a 500 ¢.e. bottle. 


500 c.c. 250 c.c. 


Name Catalog No. Bottle Bottle 

HARRIS HEMATOXYLIN—PARAGON (modified) .PS1281 $2.25 
For Papanicolaou Staining PS1291 $1.50 

PAPANICOLAOU STAIN—PARAGON EA-36 PS1282 3.85 
PS1292 2.35 

PAPANICOLAOU STAIN—PARAGON EA-65 PS1283 3.85 
PS1293 2.35 

PAPANICOLAOU STAIN—PARAGON OG-6 PS1284 3.25 
PS1294 2.00 


Write for catalogs 957 A §& 957 B fully describing Paragon Staining Solutions, Chemical 
Reagents and Solutions and Paragon Tray Drawer Cabinets and accessories 
* ee # #*# @#@ *# &# & & & & 


All prices F.0O.B. New York, New York, subject to change without notice. 
Manufactured exclusively by 


PARAGON C. & C. CO., INC., 2540 Belmont Ave., New York 58, N.Y. 


Cable address: Wijeno, New York 
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Paragon Stains Paramount Quality 
Tested and proven stains of the very highest quality 


Paragon special stains are stable, fresh and ready instantly when 
special staining is required 


OIL RED O FAT STAIN—PARAGON 


For brilliant red fat stains on frozen sections, fecal smears, etc., of startling intensity 
unsurpassed by any other method. There is no loss of fat during staining. The technic 
is rapid and not critical. Polyethylene Glycol is required in the staining technic. 


PS1266 Oil Red O Fat Stain—Paragon Bottle (100 cc) $2.15 
PS1268 Polyethylene Glycol—Paragon, U.S.P. Bottle (250 cc) 1.20 


MUCICARMINE STAIN COMPOUND—PARAGON 


is a powdered stain instantly soluble in 50% alcohol to prepare Mayer's Mucicarmine 


stain for mucin. No Heating. No Filtering. Stable. Each gram makes 50 cc of stain- 
ing solution. 


PS1501 Mucicarmine Stain Compound—Paragon Bottle (10 grams) bo 


BEST’S CARMINE STAIN COMPOUND—PARAGON 


is a dry powder requiring only the addition of ammonia and methyl alcohol to prepare | 
the working solution for the staining of glycogen in paraffin sections and cytological 
smears. Dissolves readily. No Heating. No Filtering. No Ageing. Ready at once. 


PS1505 Best’s Carmine Stain Compound—Paragon Bottle (25 grams) 2.75 


GIEMSA STAIN—PARAGON (Stock Stain Solution) 


Carefully prepared, stable, ready to use, economical. 


One cc makes 50 cc working stain. Ideal for blood and bone marrow as well as 
malarial and blood parasites. 


PS1160 Giemsa Stain—Paragon Bottle ( 25 ec) 1.00 
PS1161 Giemsa Stain—Paragon Bottle (100 cc) 2.75 


PARAGON BUFFER SOLUTION FOR GIEMSA STAIN 


Ready to use buffer solutions which adjust the Giemsa working stain to the optimum 


pH for proper staining. For blood and bone marrow use pH 6.5; for malaria and 
protozoa use pH 6.8. 


PS1165 Paragon Buffer Solution For Giemsa Stain pH 6.5 Bottle (100 cc) 1.00 
PS1166 Paragon Buffer Solution For Giemsa Stain pH 6.5 Bottle (250 cc) 1.50 
PS1168 Paragon Buffer Solution For Giemsa Stain pH 6.8 Bottle (100 cc) 1.00 
PS1169 Paragon Buffer Solution For Giemsa Stain pH 6.8 Bottle (250 cc) 1.50 


Write for catalogs 957A & 957B for more detailed information 
and staining technics 


All prices F. O. B. New York, New York, subject to 
change without notice 


Manufactured exclusively by 


PARAGON C. & C. CO. INC. 


2540 Belmont Avenue, New York 58, New York 
Cable address: Wijeno, New York 
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LIPITEST® Reagent 


mend of (Schain) 
LABORA 
CHE micl 


Human Blood Sere 


DO NOT REFRIGERATE 
Store at Room Temnpersiv*® 


CAUTION! Kot ore 
Soestaet, samemetiaataty Ss ‘ 
‘fee gt Beawst 15 reenact. 


“Recoveries with the new > ‘The test requiresa total @ “... it [LIPITEST] is ex- 
method [LIPITEST Re- © ; © of30minutesforduplicate = tremely simple, making 
agent] achieved more ac- —@ ‘The apparatus required j% samples, of which only 3 possible the use of total 
curate results than did the @@ issimple,inexpensiveand §@ minutes is actual working #@ lipid studies in every clin- 
other two methods.’’* » readily available. . .’* = time.”* ical laboratory.””* 





Reprints of “A Simple Method for Determination of Laboratory Chemicals Department 

Total Lipids in Serum,” from which the above quotes 

were taken, may be obtained by simply droppingusa MERCK MERCK CHEMICAL DIVISION 

card at the Laboratory Chemicals Department, Merck & Cc os MERCK & CO., INC - RAHWAY, NEW JERSEY 
K 


Chemical Division, Merck & Co., Inc., Rahway, N. J. *Brandstein, M., and Castellano, A.. J. Lab. & Clin. Med. 57:300-305 (Feb.) 1961. 
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Gany Enc? SaTwRDATS 
SUNDAYS AND HOLIDAYS 


2 FINE OF Pons OF THREE VE sammy ns tte NT 


Foe TAMPER NE BITH THES 


e vast majority of hospitals, universities, laboratories 
d clinics who depend upon Biochemical Procedures 
ich month look upon us as an annex ...a vital exten- 
bn of their own facilities and services. 


body knows better than yourself, the instrumenta- 
bn costs and extensive technical training required to 
form highly specialized, seldom-requested clinical 
emistries. Yet, at Biochemical Procedures, that's our 
ly function. We have the staff. We have the neces- 
ty complex instrumentation. We have the years of 
perience to assure you of reliability and accuracy, 
well as economical, fast service. 


bur own laboratory's Los Angeles branch, Biochem- 
al Procedures, is at your disposal 20 hours a day, 7 
bys a week...as close as the corner mail box. 


ite for FREE MAILING CONTAINERS, complete FEE SCHEDULE 
d “THE BULLETIN OF LABORATORY MEDICINE,” a monthly 
blication designed to keep you abreast of newest develop- 
nts in the clinical laboratory field. 


a“ © 
BO CONTENTS OF KOCK 


ELECTROPHORESIS STUDIES 


Electrophoretic studies involve the use of complex 
specialized equipment by highly experienced personnel. | 
Biochemical Procedures has a complete Paper Electro. | 
phoresis Laboratory staffed by specialists in these analy- 
ses. Fractionation of proteins and identification of 
hemoglobin types are performed daily. | 


Serving hospitals, universities, laboratories, clinics 
and physicians throughout the world. 


Boocsemicar PROCEDURES, INC. 


12020 Chandler Boulevard, North Hollywood, California, U.S.A. | 


BIOCHEMICAL PROCEDURES, INC. 
12020 Chandler Boulevard, North Hollywood, California, U.S.A. 


Please send the following material by return mail: 


name 


Mailing [ 


r— “The Bulletin of 
containers L : 


J Fee schedule Laboratory Medicine” | 


address 


city —. zone ___ state 
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accurate prothrombin 
times with the 


/WLD/AEO Prothrombin Recorder 


Faster because, once the sample is placed in the 
instrument, the determination is made automatically 
while the technologist is preparing the next sample. 
More accurate because automatic determinations 
eliminate variations in technique and end-point judgment. 


The EMDECO Prothrombin Recorder mechanically 
duplicates standard laboratory procedure and provides 
sharp, reproducible end points. 


In operation, mixing of plasma and reagent is precisely 
controlled. Readings taken across a set of electrodes appear 
as sharp peaks on a strip chart until the first formation 

of fibrin gel returns the recorder to a straight-line trace. 
The number of peaks recorded indicate the prothrombin 
time . . . an authenticated record of each test for the 

doctor’s permanent file. 


Ask your laboratory supply dealer for complete 
information or write for Bulletin PR-1. 


LECTRO-MECHANICAL DEVELOPMENT CO. 
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speed and simplify bacteriologic routine 


JUST “POP’’ OPEN ... STREAK... AND RESEAL! 


¢ 


NOTHING TO DO BUT STREAK AND INCUBATE 
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OPEN AND RESEAL AS OFTEN AS NEEDED 


SUBSTANTIAL LABORATORY ECONOMIES 
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The Galeman Phats 


COLEMAN 







fluorometer offers this 


surprising ...and usable ... sensitivity 


It's true! The Coleman Photofluorometer® is sensi- 
tive enough to determine quinine concentration 
easily down to 3 parts in 10 billion—and when 
coupled with a Coleman Galv-O-Meter or Spec- 
trophotometer, its sensitivity can be multiplied 15 
times! Determinations such as that shown above 
are well within its range. 


This is one of the great advantages in using a 
Coleman Photofluorometer—a tremendous sensi- 
tivity range without the use of photomultipliers. 


In addition to high sensitivity, the Photofluorom- 
eter® remains unsurpassed for stability and ease 
of operation, with features like these: 

Sample is placed directly in the optical system. 
No doors or carriers to handle. 

Beam focuses within sample to eliminate inter- 
ference by alien light or scratches and stains on 
the cuvette. 


High intensity UV light plus continuous aper- 
ture control offer optimum excitation at all times. 


Matched cuvettes save time and trouble. 
Direct readings from large meter dial. 


Eliminates need for expensive and troublesome 
photo-multiplier. 


Decay of sensitive samples prevented by pro- 
tecting sample from irradiation except during read- 
ing. 

Filters are encased . . . protected from damage 
and many are pre-grouped for specific determina- 
tions. 


Drift due to temperature change is prevented 
by the sample’s position in the fan-cooled optical 
system. 


For complete data, ask for Bulletin EB-245A 


ogame es prt hen ns matrs Lot amore 


COLEMAN INSTRUMENTS, 


INC., MAYWOOD, ILLINOIS 
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Elgeet-OLyMPus 


Model ECTr 
with the following features: 
Inclined interchangeable trinocular 


body, rotatable through 360°. 
Interocular distance adjustable 
from 58mm to 78mm. 
Interchangeable eyepieces as fol- 
lows: Single P7X and P15X Peri- 
plane... Single WF10X Wide 


. Field... Paired P7X and P15X 
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... Paired WF10X. 

Triple revolving nosepiece with 
coated parfocal achromatic 10X 
(N. A. .25), 40X (N.A. .65) and 
100X (N.A. 1.25) oil immersion 
objectives. 


Plano-concave mirror in fork mount. 


Lock-tight fitted wooden carrying 
case. 

Quadruple revolving nosepiece with 
additional parfocal achromatic 4X 
scanner objective (optional at 
small extra cost). 


Dept. JLC-9 





CRAPTSMANSHIP 


When you examine the Elgeet-Olympus Research 
Microscope, you will be impressed by the skilled crafts- 
manship inherent in each fine detail of its precision 
construction. 

You will note such refinements as completely enclosed 
rack-and-pinion movements, safeguarding against wear- 
causing dust and dirt; the smooth, finger-tip response of 
the separate coarse and fine focusing controls, located 
together in the same convenient “Ready Region.” 

You will appreciate the matchless quality of its 
optical components—hard-coated, achromatic lenses 
throughout—for flawless image, brightness, contrast, 
and flatness of field throughout a full range of magnifi- 
cations. 

You will recognize the extended range of versatility, 
made possible by its ingenious design and useful acces- 
sories, the interchangeable monocular, binocular and 
trinocular inclined eyepieces, each of which rotates a 
continuous 360°. 

Yet, for all its advanced features, dependable per- 
formance and durable construction, each model of the 
Elgeet-Olympus Research Microscope is priced to defy 
all comparison —truly, today’s greatest microscope 
value, and worthy of your careful consideration. 


Mail Coupon Today For Complete Information 
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C) Please send me complete literature on the New Elgeet Olympus Microscopes. 


(CD Please send name of Elgeet Dealer nearest me for free demonstration. 


Elgeet OPTICAL CO., IN 
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READ 


pH pCO, pO, 
IN LESS THAN 














The IL-113 is a complete blood gas analyzing 
system designed for rapid, accurate measure- 
ment of the pH, pCO., and pO, of blood. 
The entire system . . . meter, bath and electrodes 
. . » fequires a minimum of space with all con- 
trols conveniently located for ease and simplic- 
ity of operation. 


The IL-113 maintains the highest degree of 
accuracy and reliability. It has a range of 6.8 
to 8.0 pH, 10 to 100 mm Hg pCO, and 0 to 
800 mm Hg Op. The system is equipped with 


with one volume of blood 
simply e accurately e« reliably 





a pH electrode, pCO, electrode and pO, elec- 
trode. When used with these electrodes the 
overall precision of the system is greater than 
+.005 pH, +0.5 mm Hg pCO, and 1% pOp. 


The IL-113 measures all three parameters in 
less than three minutes. And it needs only 1.5 
ccs. of blood for all three readings. 


The IL-113 system comes complete with meter, 
constant temperature bath, electrodes, electro- 
lyte, buffer, expendable supplies, installation 
and instruction anywhere in the U. S. 


OVER 150 SYSTEMS IN CURRENT OPERATION — 
FOR FURTHER INFORMATION — CALL OR WRITE 


INSTRUMENTATION LABORATORY, INC. 



























108 CUMMINGTON STREET 


BOSTON 15, MASS., CO 6-5535 
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The Beckman DB Spectrophotometer utilizes an 
exclusive double-beam system. This eliminates most 
adjustments required in single-beam units. Sepa- 
rate readings for reference and sample cells are 
unnecessary—you simply set the desired wave- 
length, insert the sample and reference and read the 
meter. Manual operation, wide wavelength range 
and direct readout combine with double-beam ac- 


New Push-button Recorder 





CUTS y) OFF ANALYSES TIME! 








tion to bring you up to 80% savings in routine 
analyses time. 


No. 68435A—Beckman Model DB Spectrophotometer, for 320 to 

770 mu wavelength range, with two silica rectangular cells. 

er eye ere Pere $1,790.00 
To extend range to 220 mu the following are needed: 

No. 68437A—UV Accessory Set................00000e- $42.00 

No. 68437B—Hydrogen Lamp Power Supply .......... $315.00 
Flame Attachment also available for use with Model DB. 


Ratio Recording Available 


Add a wavelength drive accessory and a Beckman 
Potentiometric Recorder to the Model DB and you have 
the lowest-priced true %T recording spectrophotometer 
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lupus erythematosus 


ENNO MANDEMA, M.D.,* VICTOR E. POLLAK, M.B., M.R.C.P.E.,** 
ROBERT M. KARK, F.R.C.P., F.A.C.P., and JANET REZAIAN 
Chicago, Ill. 


This study was designed to investigate the relationship between clinical phenomena and 
the titer of antinuclear factors in the sera of patients with systemic lupus erythematosus. 
Antinuclear factors were titrated by means of the immunofluorescent technique of Coons. 


Initially, both rat kidney tissue and human buccal mucosal cells served as the source of 


os cell nuclei. The technique was found to be more sensitive with human buccal mucosal 
cu- cells, which thus were used in all subsequent tests. When the serum was diluted 1:4 or 
Oz. more, antinuclear factors were demonstrated in 131 of 151 sera from patients with 
ers systemic lupus erythematosus. They were demonstrated with only one of 90 control sera, 
_ diluted 1:4, from healthy subjects and from patients with diseases unrelated to systemic 

lupus erythematosus. They were also demonstrated in 24 of 50 relatives of patients 

with systemic lupus erythematosus, indicating that a tendency to develop antinuclear 
' factors is inherited. In patients with systemic lupus erythematosus a positive relation- 
s 


See ship was found between the titer of antinuclear factors and clinical actwity of the 
disease process. Adequate control of the disease with prednisone led to a fall in the titer 
of antinuclear factors, whereas clinical exacerbations of systemic lupus erythematosus 
were accompanied by a rise in the titer of antinuclear factors. 
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+ the last decade our concepts and treatment of systemic lupus 
erythematosus (S.L.E.) have undergone profound changes, which stem largely 
from the demonstration in 1948 of the L.E. cell.t Investigations of the L.E. cell 
phenomenon stimulated numerous studies of the serum proteins in S.L.E. and 
more particularly, of the gamma globulins responsible for the phenomenon.?""* 
During such research it has become apparent that gamma globulins in the serum 
of patients with S.L.E. are responsible for the leukopenia, hemolytic anemia, 
thrombocytopenia, abnormalities of coagulation, and the biological false positive 
Wassermann reactions, which may be found in patients with S.L.E.’*** More 
recently, a number of gamma globulin fractions which react with various com- 
ponents of cell nuclei and cytoplasm have been described and characterized from 
the serum of patients with S.L.E. One and only one of these fractions is respon- 
sible for the formation of L.E. cells. 1“ *° 24 This gamma globulin reacts with 
desoxyribonucleie acid and nuecleochistone to form an antigen-antibody complex 
which is engulfed by leukocytes. The L.E. cell factor and other ‘‘antinuclear 
antibodies’’ show a remarkable lack of species specificity, as they can be demon- 
strated with both human cells and cells of many animal species. 


The immunofluorescent techniques developed by Coons”? are well suited 
for the detection of small amounts of gamma globulin in tissues and eells. For 
example, deposits of gamma globulin can be demonstrated readily in the glo- 
meruli of kidneys of patients with S.L.E. and other diseases,?* ** but there is as 
yet no proof that the gamma globulin deposited in the glomeruli of patients with 
lupus nephritis consists of or contains antinuclear and/or anticytoplasmie fac- 
tors. These techniques also have been adapted for the semiquantitative in vitro 
demonstration of the presence of antinuclear factors in serum.?*-?" 


The present study was designed to investigate the relationship between 
various clinical phenomena and the titer of antinuclear factors in the sera of 
patients with S.L.E. Much has been learned in recent years about the 
natural history and pathology of S.L.E.,’® 7° about the renal involvement,”* *° 
and about the effects of treatment on the course of the disease.’® ** Little is 
known, however, of the quantitative relationships between the ‘‘antinuclear 
antibodies’’ in the serum and the occurrence of exacerbations and remissions of 
the disease. 


The titer of antinuclear factors was related to the clinical activity, including 
exacerbations and remissions, of the disease process, and to the activity of the 
glomerular lesions in lupus nephritis. The usefulness of titration of antinuclear 
factors was also studied relative to making an accurate diagnosis of S.L.E. In 
addition, the effect of treatment with corticosteroids on the titer of antinuclear 
factors in patients with S.L.E. was studied to assess whether serial titrations of 
antinuclear factors would be a useful guide to the efficacy of treatment. Control 
studies were made in healthy subjects and in patients with a variety of diseases. 
Finally, the sensitivity of the method led us to examine the sera of relatives of 
patients with S.L.E. for antinuclear factors. 
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Materials and methods 


1. Patients with S8.L.E. Sera from 56 patients with systemic lupus erythematosus were 
studied. Thirty-six were Caucasian, and 20 were American Negro; there were 48 women and 
8 men. The diagnosis of systemic lupus erythematosus was made on the basis of a wide 
variety of abnormal clinical and laboratory findings,29 and L.E. cells were demonstrated at 
some time during the course of the illness in 49 of the 56 patients. Fifty-one of the 56 patients 
were studied personally by the authors. 

An attempt was made to assess the clinical activity of the disease at the time the blood 
sample was taken. A detailed scoring system was tried but was abandoned because, on the 
one hand, some patients were relatively well when several organ systems were mildly involved, 
whereas others were seriously ill when a single organ system was affected. Therefore, simple 
clinical criteria were used to grade the degree of activity of the disease process. 

GRADE 0. The patient was in sufficiently good health to be able to do housework, attend 
school, or earn a living. There were no systemic symptoms and no symptoms of involvement 
of any organ system. 

GRADE 1. The patient was not well, but was not severely ill. Minimal symptoms such as 
recurrent chest pain, arthralgia, or Raynaud’s phenomenon were present, and did not necessi- 
tate admission to hospital. 

GRADE 2. The patient was severely ill and in most instances required hospitalization. 
There was evidence of systemic reaction with fever and/or tachycardia. 

GRADE 3. The patient was so severely and acutely ill with active S.L.E. that death within 
days or weeks was considered possible. 

2. Control subjects. Sera from 40 healthy subjects were studied. In addition, 50 sera were 
examined from 45 patients with a variety of disorders which are thought to be unrelated to 
S.L.E. These included patients with tuberculosis, meningitis, acute glomerulonephritis, mem- 
branous glomerulonephritis, multiple myeloma, carcinoma, hepatic disease, Henoch-Schénlein 
purpura, serum sickness, and idiopathic thrombocytopenic purpura. 

3. Demonstration of antinuclear factors. Aliquots of sera from each patient were stored 
in vapor-sealed tubes at -20° C. The tests for antinuclear factors were done within 2 weeks 
in most cases, but some sera which were studied had been stored for many months. 

Two methods were used to demonstrate antinuclear factors. Originally, frozen unfixed 
sections of rat kidney tissue, 64 thick, were used as a source of cell nuclei.24 Subsequently, 
smears of human buccal mucosal epithelial cells from healthy individuals were used as the 
source of cell nuclei. They were obtained by scraping the buccal mucosa with a wooden tongue 
blade, and smearing thinly some of the material obtained on slides, which were then dried 
in air at room temperature. 

The slides (of kidney tissue or buccal mucosal cells) were washed in 3 changes of 0.01 
M saline phosphate bufier (pH 7.0) for 2 minutes each. The slides were mopped dry around 
the tissue or cells, which were then covered with a drop of the test serum and incubated at 
room temperature. The slides of kidney tissue were incubated with the test serum for 30 
minutes; the buccal mucosal cells for 90 minutes. To prevent evaporation incubation was done 
under inverted Petri dishes lined with moist filter paper. Thereafter, the slides were washed 
in phosphate buffer, 3 washes of 10 minutes each being used. After air drying, the tissue or 
cells were layered with rabbit antihuman gamma globulin serum conjugated with fluores- 
cein isothiocyanate.* Nonspecific staining material had been removed previously . 
by absorbing the fluorescent conjugate with rat liver powder.22 During the 30 minute staining 
period the slides were kept in the dark under Petri dishes lined with moist filter paper. 
Finally, the slides were washed in 3 changes of the buffer for 5 minutes each and were then 
mounted in buffered glycerol. 

The slides were inspected independently for specific nuclear and cytoplasmic fluorescence 
by 2 persons using a Reichert Zetopan microscope with an aplanatic dark field condensor 
(No. 706). An Osram HBO 200 mercury vapor lamp provided the light source; primary 
filter No. 5,840 (Corning) and secondary filter Wratten 2A were used. Photographs were 
made with a Leica camera using 35 mm. Super Anscochrome film. 


*Sylvana Chemical Co., Orange, N. J. 
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Titration of antinuclear factors. All sera were tested undiluted. Tests were done in 
duplicate on the same, but more often on different, days. If specific nuclear fluorescence was 
observed, serial dilutions of the sera were made with the saline phosphate buffer. The highest 
serum dilution with which specific nuclear fluorescence could be demonstrated was called the 
‘*titer’’ of antinuclear factors in that serum. Dilutions up to and including a dilution of 
1:4,096 were made as necessary. 

Specificity tests. These were carried out as follows to insure that the observed nuclear 
fluorescence was due to uptake of gamma globulin by the nuclei from the test serum22:; (1) 
The conjugated antiserum used gave a precipitin-ring test with pure human gamma globulin. 
(2) When buccal mucosal smears were layered directly with the conjugated antiserum, without 
previous incubation with serum, no specific nuclear fluorescence was observed. (3) Buccal 
mucosal smears were incubated with serum known to have a high titer of antinuclear factors. 
Pretreatment with unconjugated rabbit antihuman gamma globulin serum significantly de- 
creased the fluorescence observed after application of the conjugated antiserum. (4) Nuclear 
fluorescence was not seen when fluorescein isothiocyanate conjugated rabbit antihuman al- 
bumin or sheep antirabbit gamma globulin serum was layered on buccal mucosal smears 
previously incubated with serum known to have a high titer of antinuclear factors. These tests 
indicated that specific nuclear fluorescence was caused by uptake of human gamma globulin 
by the nuclei. 

4, Other methods. The total protein concentration of the serum was estimated in dupli- 
cate with the biuret reagent.32 Paper electrophoresis of serum was done in duplicate in the 
Spinco model R apparatus, the strips then were stained with bromphenol blue and analyzed in 
the Spinco Analytrol.32 The results were expressed as grams of protein per 100 ml. of serum. 

The method used for the detection of L.E. cells has been described.29, 33 In this study no 
systematic attempt was made to test the sera used for the titration of antinuclear factors for 
their ability to induce L.E. cell formation. Other methods have been described previously.29 


Results 


Comparison of the results obtained with rat kidney tissue and human buccal 
mucosal cells. Ninety-seven sera were tested on both rat kidney and human 
bueeal mucosa. The results are shown in Table I and Fig. 1. Thirty-two tests 
were positive and 38 negative with both test tissues; 26 were positive with 
buccal mucosal cells but negative with rat kidney. The reverse occurred in only 
one instance. When the results with serial dilutions of serum were compared it 
was found that with buccal mucosal cells, higher titers (2 or more tubes) were 
found with 14 sera, whereas a higher titer was observed in only one instance with 
rat kidney tissue. With 18 sera the titers either were the same on the 2 test 
tissues or differed by only one tube. Using human buccal mucosal cells, titers 
rarying from 1:64 to 1:4 were found with 7 sera drawn over a period of 6 
months from one patient ill with S8.L.E., and several positive L.E. cell 


Table I. Results of comparative tests for antinuclear factors on 97 sera using 
as the test tissue rat kidney and human buccal mucosal cells 





| Results of tests on human buccal mucosal cells 





Results of tests on 








rat kidney tissue | Negative | Positiwe | Total 
Negative 38 26 64 
Positive 1 32 33 


Total 39 58 
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Patients with SLE. Other diseases 
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Fig. 1. Results of tests for antinuclear factors using rat kidney tissue and human buccal 
mucosal cells. Note that the technique was more sensitive with human buccal mucosal cells 
(see text for details). 


preparations were found. These sera each were tested 5 times with rat kidney 
tissue; negative results were obtained even when the incubation time on kidney 
tissue was lengthened to 90 minutes. 

Because of these findings it was decided to use human buccal mucosal cells 
as the test tissue. The results reported below were obtained with such cells. 

Reproducibility of results obtained with human buccal mucosal cells. In gen- 
eral it was easy to demonstrate whether or not specific fluorescence of nuclei 
was present, but occasionally some difficulty was experienced. Consistently posi- 
tive results were obtained on duplicate observations for antinuclear factors with 
187 sera from 98 patients. Consistently negative results were obtained with 111 
sera from 106 patients. Inconsistent results were obtained with only 35 of 333 
sera tested. Titers of up to 1:2 were found with 24, and titers of 1:4 or 1:8 
with the other 11 sera for which inconsistent results were found. To assess the 
reproducibility of the titrations, 10 sera were retitrated 1 to 4 months after the 
original titration. The titer was found to be the same with 4 sera, while dif- 
ferences of only one dilution higher or lower were found with the other 6 
(Table I1). The effect of storage of sera was also evaluated. Differences in titer 
of one tube or less were found when 4 sera were titrated 9 and 10 months after 
the original titration. 

Studies on sera from control subjects (Fig. 2). No specific nuclear fluores- 
cence was noted with 33 of 40 sera from healthy subjects and with 40 of 50 
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Fig. 2. Titers of antinuclear factors obtained with 90 sera from control subjects, with 151 
sera from patients with S.L.E., with 50 sera from relatives of patients with S.L.E., and with 
sera from patients with rheumatoid arthritis, scleroderma, and other collagen diseases, and 
from patients with liver disease and hypergammaglobulinemia. 





sera from patients with diseases unrelated to S.L.E. Specific nuclear fluores- 
cence was seen with undiluted serum from 3 healthy subjects, and from one 
patient each with anaphylactoid purpura, multiple myeloma, recurrent pan- 
ereatitis, chronic hepatitis, and rheumatie heart disease. When the serum was 
diluted 1:2 specific nuclear fluorescence was found in 4 healthy subjects, in 2 
patients with anaphylactoid purpura, and in one patient each with multiple 
myeloma and poststreptococeal acute glomerulonephritis. Specific nuclear fluo- 
rescence was seen with only one serum diluted 1:4. The patient had a reticulum 
cell sarcoma. 

Systemic lupus erythematosus (S.L.E.). The distribution of titers of anti- 
nuclear factors is seen in Fig. 2. Specific nuclear fluorescence was not demon- 
strated with 8 sera from 5 patients; it was found only with undiluted serum or 



















Table II. Consistency of duplicate observations on the titer of antinuclear 
factors in sera of patients with S.L.E. (tested on human buccal mucosal cells) 














First test Second test 
Serum No. Date | Titer Date | Titer 
3A Dec. 21, 1959 1:64 March 21, 1960* 1:128 
9A Jan. 18, 1960 1:512 March 21, 1960 1:512 
10A Jan. 20, 1960 1:64 June 23, 1960 1:64 
24A Dee. 7, 1959 1:128 June 23, 1960 1:256 
29¢ Feb. 3, 1960 1:16 April 18, 1960 1:16 
33A Jan. 22, 1960 1:256 June 23, 1960 1:128 
41a Jan. 4, 1960 1:4 March 23, 1960 1:8 
45B Feb. 3, 1960 1:8 March 23, 1960 1:4 
53A Jan. 22, 1960 1:128 April 22, 1960 1:128 
125A March 28, 1960 1:2,048 April 22, 1960 1:4,096 





*Retitration of this serum a third time on June 23, 1960, was 1:64. 
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with serum diluted 1:2 in another 12 instances. When the serum was diluted 
1:4 or more, specific nuclear fluorescence was demonstrated with the remaining 
131 of 151 sera from 51 patients with S.L.E. As specific nuclear fluorescence when 
the serum was diluted 1:4 was found with only 1 of the 90 sera examined as 
controls, the demonstration of specific nuclear fluorescence with serum diluted 
1:4 or more appeared to distinguish patients with systemic lupus erythematosus 
from healthy subjects and from those with a variety of disease states. For diag- 
nostic purposes, therefore, the test was called positive when specific nuclear 
fluorescence was demonstrated in serum diluted 1:4 or more; it was called nega- 
tive when the reverse was true. By this criterion, one or more positive tests 
were found in 51 patients with S.L.E.; no positive test was found in 5. Four 
of these latter 5 patients had been treated with prednisone for from 1 to 3 
years before the studies were made. The fifth had been well for 5 years, but 
previously had had unequivocal clinical and biochemical evidence of 8.L.E., and 
L.E. cells had been demonstrated at that time. In one patient nuclear fluores- 
cence could not be demonstrated with the only serum examined. In 3 eases it 
was seen with dilutions less than 1:4. In the fifth patient nuclear fluorescence was 
found with 2 undiluted sera, but could not be demonstrated with 2 other sera. 


Relatives of patients with systemic lupus erythematosus. Single samples of 
sera selected at random from 50 relatives of patients with S.L.E. were tested. 
The results are shown in Fig. 2. Positive tests were found in 24 relatives. The 
tests were positive in 17 instances when the serum was diluted 1:4 to 1:16 and 
positive tests were found in higher titer in 7 instances. In mothers of 3 patients 
the tests were positive with sera diluted 1:64, 1:128, and 1:256; in sisters of 
2 patients titers of 1:32 and 1:1,024 were found, and a titer of 1:32 was found 
in the serum of a brother of one patient. A titer of 1:4,096 was obtained with 
the serum of an apparently healthy 3-year-old daughter of another patient. 
These preliminary findings have been reported in detail elsewhere.** 

Other so-called collagen diseases (Fig. 2). Single tests were made on the 
sera of 17 patients with typical rheumatoid arthritis, in none of whom was there 
clinical evidence of S.L.E. Positive tests for antinuclear factors were found in 
2 patients, one with florid, rapidly progressive debilitating joint disease, and 
one with long-standing rheumatoid arthritis and complicating amyloidosis. 
Eleven sera from 10 patients with progressive systemic sclerosis were tested. 
Positive tests were observed with 4 sera from 3 patients, one with florid acute 
scleroderma, 2 with a chronic disease. Negative tests were found with one serum 
from each of 2 patients with acute dermatomyositis, with 8 sera from one pa- 
tient with thrombotic thrombocytopenic purpura, and with 5 sera from 4 pa- 
tients considered to be ill with a ‘‘collagen disease’’ in whom no definite diag- 
nosis could be made. One positive test was found in a patient with amyloidosis 
(which was probably of the primary type) and one in a patient thought to be 
ill with polyarteritis nodosa. 

The relationship of antinuclear factors in the serum of patients with S.L.E. 
to clinical and histologic evidence of activity of the disease. One hundred forty- 
seven sera were examined from the 51 patients studied personally by the authors. 
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The relationship between clinical activity of S.L.E. and the titer of antinuclear 
factors is shown in Figs. 3A and 3B. In general, the titer of antinuclear fac- 
tors was found to increase with increasing activity of S.L.E. Negative tests 
were found on 18 sera, all but one of which were from patients in whom the 
clinical activity was graded as zero. Positive tests with titers greater than 1:128 
were obtained on 3 of 56 sera from patients with clinical activity graded 0; on 
13 of 44 sera with clinical activity graded 1; on 17 of 31 sera with clinical 
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Clinical activity of SLE. 








Fig. 3B. The relationship between the clinical activity of S.L.E. and the titer of antinuclear 
factors. Seattergram showing the intial serum examined from each of the 51 patients. 
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Renal histological activity 


activity graded 2; and on 11 of 16 sera with clinical activity graded 3. A similar 
distribution of titers of antinuclear factors was seen at each grade of clinical 
activity, when only the first serum studied from each patient was considered 
and when only those sera from patients not being treated with prednisone and 
allied drugs were considered (Fig. 3B). 


We wished also to assess the relationship between titers of antinuclear fac- 
tors and histologic evidence of activity in 8.L.E. As serial renal histologic 
studies were made for other purposes,”” *° we chose to make this evaluation in 
relation to the kidney. Thirty biopsy and 6 autopsy specimens of renal tissue 
from 27 patients were available for study. The renal tissue was obtained within 
a few days of the time when the serum was drawn for antinuclear factors. 
Four serial histologic studies were available on one patient, 2 serial studies on 
each of 6 patients. The degree of activity of the renal lesions was scored by the 
criteria previously described,*° and was reported in 4 grades from zero to 3.* 
The relationship between the titer of antinuclear factors in the serum and the 
grade of activity of the renal lesion is shown in Fig. 4. As expected, the titer 
of antinuclear factors could not be used to predict whether or not active lupus 
nephritis was present, because renal involvement by S.L.E. was not a feature 
in every patient. However, when the kidneys were involved by 8.L.E., higher 
titers of antinuclear factors were associated with greater activity of lupus 
nephritis. 

The relationship of antinuclear factors to the total serum gamma globulin 
level. As antinuclear factors apparently are found only in the gamma globulin 
fraction of serum, a relationship between titer of antinuclear factors and total 
serum gamma globulin levels might possibly be expected. Fig. 5 shows that, with 
3 exceptions, the gamma globulin levels were within normal limits in sera 
negative for antinuclear factors (titer 1:2 or less). However, while there was no 
clear-cut relationship between gamma globulin levels and titers of antinuclear 


*In Fig. 4 active glomerular damage, Grades 3 and 4, were combined to form a Grade 3 
for purposes of the present analysis. 
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Fig. 5. Seattergram showing the lack of a clear cut relationship between the total serum 
gamma globulin level and the titer of antinuclear factors in the same serum. 


factors, serum gamma globulin levels were elevated above the upper limits of 
normal in 50 of 119 sera positive for antinuclear factors, and the mean gamma 
globulin levels were elevated in sera having a titer of 1:32 or greater. 

The total serum gamma globulin level was within normal limits when the 
titer of antinuclear factors was high in some patients who were clinically well 
with no evidence of active S.L.E. These findings were noted in patients in whom 
the disease was well controlled with prednisone and in whom a recent exacerba- 
tion of S.L.E. had occurred, and they were also observed in some severely ill 
patients who died within the first 8 weeks after the serum was drawn. 

Serial studies in the individual patient and the influence of treatment with 
prednisone. Serial observations on the titer of antinuclear factors were made in 
28 patients. These titers did not vary by more than one dilution over periods 
of 9 days to 36 weeks in 4 patients who were treated with a constant dose of 
prednisone, and in whom the clinical manifestations appeared to be stationary. 
The titer decreased by 4 dilutions over a period of 31 months in a fifth patient, 
during which time the disease appeared to be in remission without treatment. 

Nine patients were first studied during clinical exacerbations of the disease. 
Thereafter, they were treated with large doses of prednisone (40 mg. or more 
daily), and were studied subsequently for periods of from 1 to 12 months. The 
titer of antinuclear factors fell slowly in all, the average fall being 5 dilutions 
(range, 3 to 8 dilutions). A typical example is given in Fig. 6. The dose of 
prednisone was reduced gradually to 15 mg. daily after approximately 6 months 
of treatment with large doses of prednisone in 4 of these patients. No clinical 
exacerbations occurred. The titer of antinuclear factors had decreased 





Wenge Antinuclear factors in S.L.E. 347 
significantly while the patients were receiving large doses of prednisone, and did 
not change when the dose of prednisone was lowered. Three other patients were 
more seriously ill and died within 1 month of starting treatment with large 
doses of prednisone. The titer of antinuclear factors decreased from 1:1,024 to 
1:128 in one patient but there was no significant change in the other 2 patients. 

Four patients were being treated with low doses of prednisone (10 to 25 
mg. daily) when clinical exacerbations of S.L.E. occurred. The exacerbations 
all were accompanied by a rise in the titer of antinuclear factors. The average 
rise was 5 dilutions (range, 2 to 9 dilutions). A typical example is given in 
Fig. 7. Eight other patients, treated with low doses of prednisone for periods 
varying from 6 weeks to 12 months, did not have clinical exacerbations of the 
disease during the period of study. The titers decreased in 5 but did not change 
significantly in the other 3 patients. The average decrease was only 2 dilutions. 
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Fig. 6. Serial observations on the titer of antinuclear factors and the serum albumin and 
gamma globulin levels in a patient with S.L.E. who was treated with 50 mg. of prednisone 
daily for 6 months. Note the slow fall of the titer of antinuclear factors, the slow fall of the 
serum gamma globulin level, and the slow rise of the serum albumin level. 


Fig. 7. Serial observations on the titer of antinuclear factors and the serum albumin and 
gamma globulin levels in a patient with S.L.E. Note that the clinical exacerbation of 8.L.E. 
was accompanied by a sharp rise in the titer of antinuclear factors, but that the total serum 
gamma globulin level was unchanged. (This patient’s history was reported in detail else- 
where.3° ) 
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Discussion 


Use of the test for antinuclear factors as a diagnostic tool. The L.E. cell 
factor is a gamma globulin which interacts with nucleoprotein from nuclei, 
both desoxyribonueleie acid and histone being required for this interaction.’® 
In addition to the L.E. cell factor other gamma globulins are known to be 
present in most sera from patients with S.L.E., which react with pure desoxy- 
ribonucleie acid, with histone, or with a substance which can be extracted from 
the nuclei with isotonie buffers. The titers of these individual factors vary from 
patient to patient. Thus a serum which contains appreciable amounts of other 
antinuclear antibodies might have little or none of the factors responsible for 
the L.E. cell phenemenon. It follows, therefore, that a test for many antinuclear 
factors is likely to be more sensitive for the diagnosis of S.L.E. than a test for 
one single factor, i.e., the L.E. cell factor. 

Unfortunately, not all sera were tested for their ability to induce the forma- 
tion of L.E. cells. In no instance was an L.E. cell test positive when the test 
for antinuclear factors was negative. On the other hand, negative L.E. cell tests 
were found in 4 patients when the titer of antinuclear factors was 1:64 to 1:512. 
In another patient 8 L.E. tests were negative and the ninth weakly positive 
when the titer of antinuclear factors, measured at the same time, varied be- 
tween 1:64 and 1:128. 

As the test for antinuclear antibodies detects not only the L.E. cell factor 
but many antibodies, it is possible that it may be less specific for the diagnosis 
of S.L.E. than is the L.E. cell test. Specific nuclear fluorescence was detected 
with undiluted serum or serum diluted 1:2 in 8 of 40 healthy subjects studied, 
and with 9 sera from 45 patients with diseases thought to be ‘‘unrelated to 
S.L.E.’’ For diagnostic purposes, however, the demonstration of specifie nuclear 
fluorescence with serum diluted 1:4 or more clearly differentiated sera from 
patients with S.L.E. from the sera of subjects who served as controls. We failed 
to demonstrate specific nuclear fluorescence in only 20 of 151 sera from patients 
with §8.L.E. when the sera were diluted 1:4. None of these 20 sera was known 
to be able to induce L.E. cell formation and all but one of these were from 
asymptomatic patients (clinical activity 0). Nineteen of these sera were drawn 
when the patients were being treated with prednisone or allied drugs. In all, 
91 of the sera from patients with S.L.E. were drawn when the patients had 
symptoms (clinical activity 1 through 3). The test was negative in only one 
instance with serum diluted 1:4. 

A positive L.E. cell test is known to occur from time to time in so-called 
‘‘eollagen diseases’’ other than S.L.E. A considerable proportion of patients 
with rheumatoid arthritis have been reported to have had positive L.E. cell 
tests, e.g., Kievits and colleagues**: ** found positive L.E. cell tests in 17 per 
cent of 488 patients with rheumatoid arthritis. To date, sera from only 17 
patients with rheumatoid arthritis have been tested for antinuclear factors, and 
positive tests were found in 2 instances. Positive tests for antinuclear factors 
were found in scleroderma and other ‘‘collagen diseases,’’ and in hepatie dis- 
eases with high serum gamma globulin levels. In patients with these disorders 
the frequency of positive tests for antinuclear factors appears to be similar to 
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the reported frequency of positive L.E. cell tests. Because of all the above con- 
siderations the test for antinuclear factors, as described, appeared to be as 
specific and more sensitive for the diagnosis of S.L.E. than had the L.E. cell test. 


Titration of antinuclear factors as an index of clinical activity in patients 
with S.L.E. A positive correlation was observed between the clinical status in 
patients with S.L.E. and the titer of antinuclear factors in their sera (p = 
< 0.001). However, titers of 1:64 or greater were found in the first specimens 
of serum from 4 to 17 asymptomatic patients (Fig. 3B), all of whom were 
being treated with prednisone. The explanation of these discordant results is 
not clear at present, but comparable titers were found in 5 of 50 asymptomatic 
relatives of patients with S.L.E. In only 2 instances were positive tests in low 
titer (< 1:64) found in patients ill with a systemic reaction due to 8.L.E. 
(activity 2 or 3). Thus, in general, high titers were associated with clinically 
severe illness; low titers were seldom found in severely ill patients, but were 
frequent in asymptomatic patients or in those with minor symptoms. 

Clinieal exacerbations of S.L.E. were accompanied by a sharp rise in titer 
of antinuclear factors in the few patients studied to date. Sufficient observations 
have not yet been made to know whether or not the occurrence of an inter- 
current illness, e.g., pneumonia, in a patient with S.L.E. will be accompanied 
also by a rise in the titer of antinuclear factors. With this reservation, it is 
likely that a sharp rise in the titer of antinuclear factors may prove to be a 
useful tool for the diagnosis of both minor and major exacerbations of 8.L.E. 

The significance of antinuclear factors in the pathogenesis of S.L.E. Anti- 
nuclear factors were found in all but one patient with symptoms of S.L.E., and 
the titer of antinuclear factors was higher in the more severely ill patients. 
Several striking findings, which are listed below, suggest that the presence of 
antinuclear factors in the serum may not be directly responsible for the disease. 
(1) Appreciable amounts of these factors were found in the sera of some pa- 
tients with S.L.E. who had no symptoms or signs of active disease. (2) They 
were found, sometimes in high titer, in sera of apparently healthy relatives of 
patients with S.L.E. (3) Although the L.E. cell factor is known to be transmitted 
via the placenta to the offspring of mothers with active S.L.E.,**-*® and the titer 
of antinuclear factors in serum from the umbilical cord is as high as that in 
the maternal serum,*’ clinical disease has not yet been reported by others or 
observed by us in these infants in the first few months of life. 

Yet it is difficult to accept the view that antinuclear factors are harmless 
and play no role in the pathogenesis of S.L.E. The accumulated evidence 
strongly suggests that these factors are autoantibodies which react with tissues 
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from the individual patient himself,'’ ** and other factors are known to occur 
which react with the patient’s own erythrocytes, leukocytes, and platelets. These 
observations all strongly suggest that in S8.L.E. there is a breakdown of the 
mechanisms by which immune reactions to the individual’s own tissues nor- 
mally are prevented. The demonstration of antinuclear factors in the serum of 
relatives of patients with S.L.E. suggests that this abnormal immunologic re- 
sponsiveness is inherited. 
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We now may ask what sequence of events results in clinical disease in sub- 
jects who inherit antinuclear antibodies. Clearly, no answer is possible at this 
time. The role of exogenous antigens such as penicillin and sulfonamides must 
be evaluated, but two observations suggest that they may play a role. First, 
Holman*' has shown in a single patient that sulfonamides may trigger acute 
exacerbations of S.L.E. Second, the 70-year-old grandmother of one of our pa- 
tients ill with S.L.E. was studied by us. The grandmother was in good health 
ic May, 1960, and had enjoyed good health throughout her life. In July, 1960, 
she was given sulfonamides for an upper respiratory infection and immediately 
thereafter she developed florid acute S.L.E.*? It has been thought that anti- 
nuclear factors are unable to penetrate into intact cells,** but recently Robineaux 
and Seligmann** have demonstrated that anti-DNA antibodies ean penetrate 
into cells and into nuclei with consequent homogenization and swelling of the 
nuclei. Whether penetration of these and other antinuclear antibodies into the 
living human cell is mediated through the presence of anticytoplasmic antibodies 
or tissue damage from other causes, such as reactions to drugs, remains to be 
determined. 


The prednisone used to treat these patients was kindly supplied as Meticorten by the 
Schering Corporation, Bloomfield, N. J., through the courtesy of Dr. C. J. Szmal. 
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Observations on electrophoresis of serum proteins from 
healthy North American Caucasian and Negro subjects 


and from patients with systemic lupus erythematosus 
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Although abnormalities of the serum proteins are a common finding in systemic lupus 
erythematosus, there are surprisingly few reports of systematic studies of the serwm 
protein fractions in this disease. 


Serum proteins were studied by filter paper electrophoresis in 62 healthy Caucasian and 
62 healthy Negro subjects, and 132 sera from 49 patients with systemic lupus erythema- 
tosus were analyzed. The serum albumin levels were found to be significantly higher in 
healthy Caucasians than in healthy Negroes and the levels of a,, B, and y globulin were 
significantly higher in healthy Negroes. Serum albumin levels were decreased in the 
diseased patients, while the serum y globulin levels increased with increasing activity of 
the disease. However, the serum y globulin levels were unexpectedly low in severely ill 
patients who died. The effect of proteinuria and of treatment with prednisone on the 
serum protein levels was also assessed. 


. os of the serum.proteins are common findings in systemic 
lupus erythematosus (S.L.E.). Many of the well-known laboratory tests used for 
diagnostic and investigative purposes appear to be dependent on abnormalities 
of gamma globulins, which are often elevated above normal. Thus, despite the 
widespread use of filter paper electrophoresis for separation of serum proteins, 
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we were surprised to find few reports of systematic studies of serum protein 
fractions in 8.L.E.,':* more particularly as filter paper electrophoresis is now 
used so widely. 

Electrophoretic separations of serum proteins were performed as part of 
an investigation of antinuclear factors in 8.L.E.* Because of the scanty observa- 
tions in the literature on the serum proteins in relation to disease activity in 
S.L.E., to the presence or absence of proteinuria, and to treatment with steroid 
hormones, this paper describes observations on the serum protein partitions in 
S.L.E., with particular reference to the above-mentioned clinical parameters. 
It will be shown that serum albumin and y globulin levels refiect the underlying 
activity of the disease. 

On reviewing the literature we found also that there were relatively few 
reports of serum protein values in healthy subjects. No satisfactory reports 
could be found which compared serum protein fractions (studied by filter paper 
electrophoresis) in healthy Caucasian and American Negro subjects living in 
the same environment. In addition, therefore, we report observations on the 
serum protein fractions in 62 healthy Caucasian and 62 healthy American Negro 
subjects. 


Materials and methods 


Technical methods: Filter paper electrophoresis. Total serum protein levels were esti- 
mated in duplicate using the biuret reagent.4 The electrophoretic separations were carried 
out in duplicate using strips of Schleicher and Schull filter paper, 3.0 by 30.6 cm., in the 
Spinco electrophoretic apparatus (Veronal buffer, pH 8.6, ionic strength 0.075). Serum 
(0.006 ml.) was applied to each strip and a current of 2.5 Ma. was passed through the strip 
for 16 hours. The strips were blotted, then dried at 130° C. for 30 minutes. The proteins 
were stained with 1 per cent alcoholic bromphenol blue for 30 minutes, rinsed 3 times for 
6 minutes each time in 5 per cent acetic acid, and exposed to ammonia fumes for 20 minutes 
after drying. The protein fractions were quantitated with a Spinco Analytrol and the results 
were expressed as grams of protein per 100 ml. serum. 

Patients with S.L.E. Sera from 33 Caucasians and 16 American Negroes with systemic 
lupus erythematosus were examined. All 49 patients were studied personally by the authors. 
The criteria for the diagnosis of 8.L.E. have been described previously.5 The results of the 
electrophoretic separation of the serum proteins were related to the following: (1) The 
clinical activity of S.L.E., graded from 0 to 3. The criteria used to assess activity have been 
listed previously. (2) Treatment with steroid hormones. The patients labeled as ‘‘untreated’’ 
had not received prednisone or related drugs for at least 6 weeks before the serum was drawn. 
(3) The presence of persistent proteinuria. Thirty-two patients had no significant proteinuria 
when the first serum was drawn. Sixty-nine sera from these patients were examined. Seventeen 
patients had persistent proteinuria when the first serum was studied. A total of 63 sera from 
these 17 patients was studied. Urine protein estimations were not made quantitatively on 
every occasion when serum was studied. In some patients the renal disease improved con- 
siderably during the period of observation and a consequent decrease in proteinuria occurred, 
but these patients were categorized for this analysis as having proteinuria throughout the 
period of study. 

Control subjects. Sera from 124 healthy persons were analyzed. A few were healthy 
blood donors; the majority were healthy laboratory technicians, physicians, and members of 
the hospital staffs. Sixty-two were Caucasians, 62 American Negroes. Half of each racial 
group were men, the other half women. Their ages ranged from 20 to 75 years, the majority 
of the subjects being between 30 and 50 years of age. 
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No significant differences were observed between the levels of the total proteins or of 
the individual fractions of men and women. As can be seen in Table I, significant differences 
were found between healthy Caucasian and American Negro subjects. Because of these dif- 
ferences, the data used as controls for the patients with S.L.E. were so chosen that the pro- 
portion of Caucasian and American Negro subjects was comparable among the patients with 
S.L.E. and the control data. Thus, the control series with which the data from 33 Caucasian 
and 16 Negro subjects with S.L.E. were compared comprised all 62 healthy Caucasian sub- 
jects and a random selection of 31 of the 62 healthy American Negro subjects. 


Results 


Healthy subjects. The values for the serum protein partitions in 62 healthy 
Caucasian and 62 healthy American Negro subjects are given in Table I. The 
mean total serum protein values were similar in both racial groups. The mean 
serum albumin level was significantly higher in the Caucasians, but the mean 
serum a,, 8, and y globulin levels were significantly higher in the American 
Negroes. There was no difference in the mean level of the a, globulins in the 2 
racial groups. 

Patients with S.L.E. The results of the serum protein analyses are shown 
in Tables II through IV and in Figs. 1 through 6. 


Total serum proteins. The mean total serum protein levels were significantly 
lower in patients with S.L.E. than in the healthy subjects, but the difference 


was accounted for entirely by the low values in patients with proteinuria 
(Table IV). 


Serum albumin (Fig. 1). Serum albumin levels were lower in the diseased 
than in the healthy subjects, and this was true even in patients with no clinical 
activity and no proteinuria. The serum albumin levels were lower in patients 
with proteinuria than in those with none. There was a progressive decrease of 
serum albumin levels with increase of disease activity per se, irrespective of the 
presence or absence of proteinuria. 

Serum a, globulin (Fig. 2). The mean a, globulin level was slightly but 
significantly elevated in patients with S.L.E. Further analysis showed that this 
slight but significant rise in a, globulin occurred in the patients with proteinuria 
whether the disease was active or inactive. In those patients who did not have 


Table I. Results of analysis of serum protein fractions in 62 healthy Caucasian 
and 62 healthy American Negro subjects* 




















Total serum Serum Serum globulins 
proteins albumin a, a, | B | Y 

Caucasian 

subjects 7.49 + 0.51 4.60+0.54 0.29+0.066 0.6140.126 0.86+0.127 1.13+0.23 
American 

Negro 

subjects 7.59 + 0.52 4.27+0.47 0.32+0.072 0.64+0.105 0.98+0.19 1.37+0.30 
wa dg 1.08 3.63 2.66 1.21 4,11 4.87 
p > 0.2 < 0.001 < 0.02 > 0.2 < 0.001 < 0.001 





*Results are expressed as means + 1 standard deviation. 
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Clinical activity of S.L.E. 


Fig. 1. The relationship between clinical activity of S.L.E. and the levels of the serum pro- 
teins. The range of normal is indicated on the scattergram by the area between the dotted 
lines (see text for details). 


proteinuria the mean a, globulin levels were not significantly different from 
those of the control subjects. 

Serum a, globulin (Fig. 3). The highest a. globulin levels were found in 
those patients with inactive disease and considerable proteinuria (Table IV), 
but the mean a, globulin level was not elevated in patients with inactive disease 
and no proteinuria. There was a slight rise in the mean a, globulin level in pa- 
tients with active disease, but the increased level was significantly different from 
that of the control subjects only in those patients without proteinuria. 

Serum B globulin (Fig. 4). The mean serum £8 globulin level of all sera 
from patients with S.L.E. was not significantly different from that of the 
healthy persons. Further analysis showed that the B globulin level was not 
different from that of the control subjects in those with clinically inactive 














Table II. Results of analysis of serum protein fractions in 93 control subjects and in 49 p 
Total serwm Serum - 
proteins albumin a, 
93 healthy subjects 7.53 + 0.49 4.48 + 0.53 0.30 + 0.066 
Patients with S.L.E. 
(132 sera) 6.96 + 1.15 3.32 + 0.94 0.33 + 0.088 
ag? 5.00 11.8 3.06 
p < 0.001 < 0.001 < 0.01 





*Results are expressed as means + 1 standard deviation. 
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Clinical activity of SLE. 
Fig. 2. For details see legend to Fig. 1. 


disease, but that there was a small but statistically significant decrease in B 
globulin in those with clinically active disease. The values for 8 globulin were 
the same in patients with and without proteinuria, both in clinically active and 
inactive S.L.E. 

Serum y globulin (Fig. 5). In general, the mean serum y globulin level was 
elevated in S.L.E. It was significantly higher in patients without than in those 
with proteinuria, in both clinically active and inactive disease. In those patients 
with inactive disease and no proteinuria, the mean serum y globulin level was ele- 
vated slightly, whereas, in those with inactive disease and proteinuria, it was de- 
ereased significantly (Table IV). The mean serum y globulin level was sig- 
nificantly higher in the patients with disease activity No. 1 than in those with 
inactive disease (t = 4.59, p = < 0.001). It was higher in patients with disease 
activity No. 2 than in those with disease activity No. 1, but the difference was 
not significant statistically (t = 1.75, p = > 0.05). The mean serum y globulin 
level was lower in those with disease activity No. 3 than in the patients with 
lesser disease activity. 














) patients ill with S.L.E.—a total of 132 sera were analyzed from these patients* 
’ Ratio 
Serwm globulins Serum y globulin 
5 a; | B as ieee : tae Serum albumin 
0.62 + 0.11 0.91 + 0.15 1.21+ 0.28 0.28 + 0.079 
0.72 + 0.21 0.87 + 0.21 1.70 + 0.81 0.55 + 0.33 
4.32 0.814 6.35 9.23 


< 0.001 > 0.4 < 0.001 < 0.001 
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Clinical activity of S.L.E. 
Fig. 3. For details see legend to Fig. 1. 


Ratio of serum y globulin to serum albumin (Fig. 6). It was noted that the 
serum albumin level decreased progressively, and that the serum y globulin 
level increased with increasing clinical activity. It appeared likely that the 
‘atio of y globulin to albumin might correlate even more clearly with the clinical 
activity than did the level of either protein fraction alone. In addition, both the 


Table IV. Effect of proteinuria on serum protein levels in 8.L.E. (results 
expressed as means + 1 standard deviation) 














Clinical activity (No. 0) Clinical activity (Nos. 1-3) 
Proteinuria | . No pro- Proteinuria No proteinuria 
(22) teinuria (28) (41) (41) 
Total serum protein 6.49 + 1.72** 7.39 + 1.53 6.41 + 1.39*** 7.49 + 0.88* ** 
Serum albumin 3.29 + 1.18*** 3.95 + 1.16*+ 2.79 + 0.76"** 3.42 + 0.91**+++ 
Serum a, globulin 0.34 + 0.090 0.29 + 0.079 0.35 + 0.10 0.33 + 0.10 
Serum a, globulin 0.91+0.33*** 0.66+0.19** 0.65 + 0.18 0.72 + 0.20*+ 
Serum # globulin 0.94 + 0.31 0.92 + 0.25 0.82 + 0.18% 0.84 + 0.21+* 
Serum y globulin 1.05 + 0.34” 1.37 + 0.59* 1.78 + 0.80*** 2.17 + 0.46" 
serum y globulin 0.35 + 0.14* 0.34 + 0.15* 0.66 + 0.32" 0.69 + 0.38*** 


Ratio 





serum albumin 





One symbol: p = < 0.05; two symbols: p = < 0.01; three symbols: p = < 0.001. 
*Difference between those with and those without proteinuria is significant. 
+Difference between those without proteinuria and control subjects is significant. 
xDifference between those with proteinuria and control subjects is significant. 
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Clinical activity of S.L.E. 


Fig. 4. The relationship between clinical activity of S.L.E. and the levels of the serum 
proteins. The range of normal is indicated on the scattergram by the area between the dotted 
lines (see text for details). 
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Clinical activity of S.LE. 


Fig. 5. For details see legend to Fig. 4. 
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Clinical activity of S.L.E. 


Fig. 6. For details see legend to Fig. 4. 


serum albumin and y globulin levels were lower in patients with proteinuria 
than in those with none. Thus, using the ratio of y globulin to albumin might 
minimize the effects of proteinuria on the seatter of the individual protein 
fractions. As seen in Fig. 6 and Table IV, the ratios were similar whether or 
not the patient had proteinuria. The ratio of y globulin to albumin correlated 
extremely well with the clinical activity of the disease (controls versus no ac- 
tivity, t = 3.46, p = < 0.001; activity No. 0 versus activity No. 1, t = 4.33, 
p = < 0.001; activity No. 1 versus activity No. 2, t = 3.22, p = < 0.01; ac- 
tivity No. 2 versus activity No. 3, no significant difference). 

The effect of prednisone on serum protein levels. Of the initial sera ex- 
amined from patients with active disease, 18 were from patients who had not 
received corticosteroid drugs and 17 were from patients who were being treated 
with prednisone and similar drugs. The numbers in each group are small, but 
there were no significant differences in the levels of any of the protein fractions 
of the patients receiving prednisone and of those who were untreated. In the 
individual patient, however, adequate treatment with prednisone resulted in a’ 
gradual rise in the serum albumin level, and a gradual decline in the serum y 
globulin level,? but there was no significant or consistent effect of prednisone 
treatment on the other globulin fractions. Adequate treatment with prednisone 
also resulted in suppression of clinical activity of the disease process. Thus, the 
apparent effects of prednisone on the serum protein fractions are more likely to 
be mediated through the effect of the drug in suppressing active disease than in 
a direct effect of the drug on the serum protein fractions themselves. 
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Discussion 


Healthy subjects. Reports from Africa have indicated that the serum y 
globulin levels are higher in Negroes than in Caucasians living in Europe and 
North America. These studies were done among populations in which there is 
known to be a high incidence of malnutrition and parasitic and other chronic 
infectious diseases which might be expected to result in elevated serum y 
globulin levels. There are few reports of serum protein levels in Negroes and 
Caueasians living under identical environmental conditions. 

In 1946, Milam® examined the sera from 1,135 Caucasian and 426 Negro 
subjects. He found that the serum albumin level was slightly lower and that 
the total serum globulin level was significantly higher in Negroes. Eleven years 
later Comens’ studied serum protein levels in 105 healthy Caucasian and 67 
healthy Negro subjects living in St. Louis, Missouri. He found no difference in 
the serum albumin levels, but noted that the total serum globulin levels were 
significantly higher in the Negroes, and Keltz and Comstock* have reported 
similar observations from Georgia and Alabama. All these authors used salting 
out techniques to separate albumin and globulin. Rawnsley and associates’ con- 
firmed these findings using ammonium sulfate precipitation, and in addition, 
Showed that the zine turbidity test gave much higher results in Negroes, and 
that the y globulin levels measured by zone electrophoresis were significantly 
higher in Negroes. 

Our data confirm these findings and extend them in that the levels of serum 
«,, 8, and y globulins were all significantly higher in healthy American Negro 
subjects. In addition, the serum albumin level was significantly lower in the 
Negro subjects. The greatest difference between the 2 racial groups was found 
in the serum y globulin levels. In this connection it should be pointed out that 
the range of normal, defined as + 2 standard deviations from the mean, differs 
considerably im healthy Caucasians (0.67 to 1.59 Gm. per 100 ml.) and Negroes 
(0.77 to 1.97 Gm. per 100 ml.). No attempt was made in this study to assess 
the environmental factors in the healthy subjects, but both Negroes and Cau- 
casians were clinically healthy, appeared to be eating the usual North American 
diet, and we had no reason to suspect that they were either malnourished or 
suffering from any chronic infectious diseases. These data suggest, but do not 
prove, that there may be hereditary differences in the serum protein levels in 
Caucasians and Negroes. In this regard it is pertinent to note that Pert and his 
colleagues” have demonstrated an additional fraction lying between the B 
globulin and albumin in 80 per cent of sera from Negroes studied by quanti- 
tative zone electrophoresis in starch gel. 

Schofield,*t however, studied the serum proteins in healthy West African 
Negro subjects living in Britain, and showed that the mean serum y globulin 
level was 2.20 Gm. per 100 ml. in those who had resided in Britain for 2 years 
or less, and that the mean level had decreased to 1.60 Gm. per 100 ml. in those 
Negroes who had been in Britain continuously for 4 to 8 years. He concluded 
that the high y globulin levels seen in West African subjects in Africa and in 
the first 2 years in Britain were due to pathologie changes, which were at least 
partly reversible if the environment were altered, and that genetic factors 
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were not involved. While it is clear that environmental factors such as the state 
of nutrition and the presence of malaria and other infections may have caused 
the very high y globulin levels found in these subjects during their first years 
in Britain, his observation that the y globulin levels were still high after 4 to 8 
years does not exclude an underlying genetic difference between the serum y 
globulin levels of Caucasians and Negroes. 

Systemic lupus erythematosus. Recently, Ogryzlo and associates! studied by 
paper electrophoresis the serum protein partitions of 36 patients with S.L.E. 
They reported that the serum albumin was low in 17, the a, globulin was in- 
creased in 9, the 8 globulin was increased in 3,* and the y globulin was increased 
in 21 patients. They did not relate the findings systematically to the clinical 
findings in their patients, and did not assess the effects of proteinuria on the 
serum protein fractions. In 1959, Rees and Wilkinson? studied 71 sera from 31 
patients with S.L.E., but their control observations were based on the partition 
of serum proteins in only 12 healthy young adults. They reported significant 
increases in the total serum y globulin levels. In untreated patients without 
proteinuria they found significant decreases in serum albumin, a2, and B globulin 
levels. Our observations of patients with active disease and without proteinuria 
confirm these findings (Table IV). 

Effect of proteinuria, The patients with persistent proteinuria should have 
lower serum albumin and total protein values was to be expected and is in 
accord with the observations of Rees and Wilkinson.” These authors also found 
that the serum y globulin levels were lower in patients with proteinuria, but 
their results were not statistically significant. Our observations on a larger num- 
ber of patients indicate that the serum y globulin levels were significantly lower 
in patients with persistent proteinuria. A significant difference was observed 
whether the disease was active clinically or in remission. These findings are com- 
patible with the observation that there may be a considerable loss of y globulin 
in the urine of patients with S.L.E. and lupus nephritis.’* ** Although Blainey 
and co-workers” have demonstrated high relative clearances of many globulin 
fractions in lupus nephritis, there was no demonstrable difference in the level 
of the other globulin fractions in sera from patients with and without pro- 
teinuria. 

The relationship between disease activity and serum protein levels. Feldaker 
and associates't summarized the findings in the early publications on the serum 
proteins in §.L.E., and suggested that the degree of elevation of the serum y 
globulin reflected the activity of the disease process. Rees and Wilkinson? 
considered that there was a fair correlation between disease activity and the 
serum protein levels, noting particularly the very low serum albumin and high 
serum y globulin levels in severely ill patients. 

Our observations indicate that there was a good correlation between in- 
creasing disease activity and decreasing serum albumin levels (Fig. 1). It was 
also observed that the serum albumin levels were lower than in the control sub- 
jects, even in patients with inactive disease and no proteinuria (p = < 0.01). 
They were also significantly lower in those patients than in a second group of 


*It should be noted that our data indicate that the 8 globulin was decreased in 6 patients. 


* 
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controls, viz., healthy relatives of patients with S.L.E.%* The serum f globulin 
levels also decreased with active disease, irrespective of the presence or absence 
of proteinuria, but there was no progressive decrease with increasing disease 
activity. 

The elevated serum y globulin levels in active S.L.E. have been deseribed by 
many authors; as mentioned above, Feldaker and his colleagues,'* and Rees and 
Wilkinson’ both suggested a relationship between disease activity and the serum 
y globulin level. Although we observed that the serum y globulin level increased 
with inereasing disease activity, this relationship was not valid in the most 
severely ill patients (disease activity No. 3). Similar observations were made on 
the y globulin to albumin ratio. In seeking a cause for this phenomenon we were 
impressed by the fact that serum y globulin levels and y globulin to albumin 
ratios were unexpectedly low in those patients who died soon after study. We 
therefore analysed results on the 41 sera from patients with disease activity 
Nos. 2 and 3. Sixteen were from patients who died of S.L.E. within an arbi- 
trarily chosen period of 8 weeks from the date when the serum was drawn, 25 
sera were from patients who recovered. The serum albumin and serum y globulin 
levels and the y globulin to albumin ratio were all significantly lower in those 
patients who died than in those who survived (albumin x? = 8.50, p = < 0.01; 
y globulin x? = 16.8, p = < 0.001; y globulin to albumin x? = 6.88, p = 
< 0.01). Sinee these data were obtained, similar observations have been made 
on 3 other patients who died with acute severe S.L.E. By contrast, no differences 
in the levels of serum a, globulin (x? = 3.65, p = 0.05), a globulin (x? = 
0.0031), and 8 globulin (x? = 0.026) were observed. The explanation of this 
finding, namely, the relatively low serum y globulin levels in patients with 8.L.E. 
who died, is not clear to us. It cannot be due solely to loss of y globulin in the 
urine, because it was observed in patients with no proteinuria, and beeause the 
y globulin to albumin ratio was also low despite the fact that the serum albumin 
levels were lower in the patients who died than in those who survived. Nor was 
there complete exhaustion of the y globulin producing cells, because the titer 
of antinuclear factors was high in all the sera studied. 


The prednisone used to treat these patients was kindly supplied as Meticorten by the 
Schering Corporation, Bloomfield, N. J., through the courtesy of Dr. C. J. Szmal. 
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The influence of abnormal plasma proteins on the 
laboratory tests utilized in the diagnosis of 


the rheumatic diseases 


WILLIAM J. HAMMACK, M.D.,* and HOWARD L. HOLLEY, M.D.** 


Birmingham, Ala. 


Sera from 51 patients with multiple myeloma, hyperglobulinemic purpura of Waldenstrém, 
macroglobulinemia, cryoglobulinemia, and pyroglobulinemia were studied with the tests 
utilized- in the rheumatic diseases. Sera from 27 patients with multiple myeloma had 
negative lupus erythematosus preparations, bentonite flocculation, latex fixation, and 
sheep cell agglutination tests. One or more of these tests was positive in sera from 9 
patients with macroglobulinemia and 5 with hyperglobulinemic purpura of Waldenstrom. 
Titers of the sheep cell agglutination tests ranged from 1:56 to greater than 1:7168. 
The paratoluene sulfonic acid precipitation test was positive in 20 per cent of the patients 
studied and was not, therefore, a reliable test. No clinical evidence of rhewmatoid 
arthritis or laboratory evidence of macroglobulins could be found in the patients with 
hyperglobulinemic purpura; therefore, no adequate explanation for the positive results 
could be determined in these patients. 


in of the laboratory studies utilized in the diagnosis of rheumatie dis- 
eases depends in some way upon the presence of a quantitatively or qualitatively 
altered serum protein. The C-reactive protein has been characterized immuno- 
logically as a distinct protein and has been identified electrophoretically as an 
alpha, beta, and gamma globulin by various authors.1. The protein responsible 
for the production of the lupus erythematosus (lL. E.) cell phenomenon has been 
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demonstrated to be a gamma globulin which is not detectable in normal serum 
and has a normal molecular weight by ultracentrifuge analysis.2 The protein 
that has been designated the ‘‘rheumatoid factor’’ has been characterized by 
immunologic and physicochemical means as a gamma macroglobulin with a sedi- 
mentation constant of 22 8. Occasional references are found to false positive 
L. E. preparations in the presence of myeloma proteins,’ eryoglobulins,* post- 
necrotic cirrhosis,» Hodgkin’s disease,® and hypersensitivity states.* Other re- 
ports state that approximately 80 to 95 per cent positive C-reactive protein tests 
are obtained in patients with metastatic malignancies.*° It was, therefore, con- 
sidered of interest to determine whether any relationship exists between the 
abnormal proteins found in myeloma, macroglobulinemia, and hyperglobu- 
linemie purpura of Waldenstrém and those proteins found in the rheumatic dis- 
orders. If such proved to be the case, a more detailed study of the proteins could 
be accomplished, due to their availability in larger quantities and in relatively 
pure form. 


Materials and methods 


The sera of 51 patients having a variety of abnormal proteins were subjected to the 
laboratory tests used in the diagnosis of the rheumatic disorders. The L. E. preparations were 
performed using a modification of the method of Lempert and Burlyne.1° The method of 
Singer and Plotz11 was utilized for the latex fixation tests. The method of Bozichevich and 
associates12 was used for the bentonite flocculation test, and the sensitized sheep cell tests 
were performed using the method of Ziff and colleagues.13 Commercially available C-reactive 
protein antiserum was utilized in the procedures. Paper electrophoretic analyses were accom- 
plished using a Durrum-type cell with veronal buffer 0.05 M, pH 8.6, and stained with 
bromphenol blue.14 Strips were analyzed in a recording spectrophotometer and calibrated on 
the basis of per cent and absolute grams of protein. The presence of macroglobulins was 
confirmed by analysis in a Spinco Model E analytical ultracentrifuge, as well as by im- 
munologic studies using a modification of the Ouchterlony technique of gel diffusion.15 The 
ultracentrifuge separations were made at 59,780 r.p.m. and photographed at 8 minute intervals. 
At least 3 dilutions with 0.9 per cent NaCl solution were analyzed in each instance where a 
macroprotein was found except the cryofibrinogen study. The sedimentation constant was 
extrapolated to infinite dilution, and this value used as the more correct estimate of sedimenta- 
tion rate. Precipitation tests for L. E. were performed according to the method of Jones 
and Thompson.16 ‘‘Four plus’’ flocculations were considered as positive tests. 


Results 


The results can be seen in Table I. 

Electrophoresis. The myeloma proteins had mobilities varying from alpha, 
globulin to gamma globulin, with intermediate peaks also being noted (Fig. 1). 
Some of the gamma globulin myeloma proteins migrated ‘‘slower’’ than any 
portion of the normal gamma globulin. The patients with macroglobulinemia 
had discrete serum electrophoretic peaks that varied from the beta fraction to 
the gamma globulin fraction (Fig. 2). These proteins could not be differentiated 
from myeloma proteins by their electrophoretic configuration. Four patients 
with Waldenstrém’s hyperglobulinemic purpura had diffuse elevations of the 
gamma globulin peak (Fig. 3). Three patients were studied who had previously 
been diagnosed as having the dysgammaglobulinemia syndrome.’ Repeated 





Table I 








Pa- Abnormal | Lupus 

tient | Diag- | serum C-reactive | erythe- Latex Sheep cell 

No. | nosis | protein | Bentonite protein matosus | fixation | agglutination 
H. P. diffuse gamma + 1+ ~ + 1:14 

2 H. P. diffuse gamma ~ - . 1:896 

3 nm. 2. diffuse gamma + ~ 7 1:28 

4 H.-P. diffuse gamma + “ + 1:28 

5 a..2. diffuse gamma + 4 1:112 

6 Cryo. gamma - 1+ ~ - ~ 

7 Cryo. gamma - - _ “ a 

8 Cryo. gamma - 2+ - - - 

9 Cryo. gamma - t 1:7168 
10 Pyro. gamma - - ~ - “= 
1] Macro. gamma - 2+ ~ a ie 
12 Macro. beta, - 4. - - wi 
13 Macro. gamma _ - - . ss 
14 Macro. gamma - 2+ ~ - ee 
15 Macro. gamma + - _ ~ = 
16 Macro. gamma + - ~ ‘ iit 
17 Macro. beta + _ + a 
18 Macro. gamma ~ e 1:56 
19 Macro. gamma ~ . ? 1:7168 
20 Macro. gamma + 1:448 
21 Macro, gamma ~ + 1:112 
22 Macro. gamma + - 1:1792 
23 MM. alpha, - 3+ ~ - ~ 
24 MM. beta a 34 cf om ve 
25 MM. beta - = - - - 
26 MM. “_ - = = t. aD 
27 MM. ste o 1+ s e ” 
28 MM. — - 2+ ~ = = 
29 MM. “a _ _ _ ce s 
30 MM. gamma - 1+ _ = = 
31 MM. gamma = 2+ ~ - = 
32 MM. gamma ~ 4+ = * 
33 MM. gamma - 1+ ~ = o 
34 MM. gamma ise pan oi _ he 
35 MM. gamma _ - “ ~ ” 
36 MM. gamma ~ _ os mu ve 
37 MM. gamma - 1+ = = ~ 
38 MM. gamma _ - - = - 
39 MM. gamma _ - = * ae 
40 MM. gamma - 4+ - fee es 
41 MM. gamma - - — - - 
42 MM. gamma - - - _ - 
43 MM. none os 94 = 7 ts 
44 MM. none - 2+ “ = = 
45 MM. none ~ D+ se s - 
46 MM. none _ 2+ ~ - - 
47 PCL. none ee ~ i be a 
48 PCL, gamma - - _ - ~ 
49 PCL. gamma - - _ - i 
50 Dys. gamma - ae in - se 
51 Dys. gamma - - - _ - 





Abbreviations: H. P.: hyperglobulinemic purpura of Waldenstrém ; Macro. : macroglobu- 
linemia; MM.: multiple myeloma; Dys.: dysgammaglobulinemia syndrome; Cryo.: cry- 
oglobulinemia; Pyro.: pyroglobulinemia; PCL.: plasma cell leukemia. 
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Fig. 1. Paper electrophoretic patterns of sera from 8 patients with multiple myeloma. From 
left to right these patterns represent diffuse gamma, ‘‘very slow’’ gamma, ‘‘slow’’ gamma, 
gamma, ‘‘M’’ protein, or beta and alpha, types of myeloma proteins. On the extreme right 
is illustrated a normal gamma globulin with a myeloma protein superimposed. 


pulmonary infections have been present in these patients, without evidence of a 
typical myeloma syndrome; however, the serum specimens contained discrete 
gamma globulin peaks. 

C-reactive protein reactions. Many of the patients with abnormal serum 
proteins revealed positive C-reactive protein determinations. The majority of 
these patients were suffering from a diffuse inflammatory disorder. However, 
a negative C-reactive protein test was found associated with extensive myeloma- 
tous bone lesions in many patients. It was obvious from these studies that, 
due to the large number of negative tests obtained in patients with extensive 
disease, the presence of C-reactive protein was not of value in determining the 
presence of disseminated lesions of multiple myeloma. 

Iupus erythematosus preparations. There were no positive L. E. preparations 
found in the 43 patients studied, although very careful scrutiny of the slides 
was performed by experienced technicians. We could find no evidence to support 
the statement that false positive L. E. preparations occur in myeloma. Like- 
wise, there were no eryoglobulinemia inclusion cells in L. E. preparations done 
routinely on the 4 patients with eryoglobulinemia. 

Sensitized sheep cell agglutination tests. No positive reactions were found 
with sera from the patients with myeloma. Patient No. 9, who had eryoglobu-. 
linemia and possible myeloma, gave a titer above 1:7,168. Titers of 1:28 on 2 
sera, and of 1: 112 and 1: 896 on 2 others, were obtained from patients with 
hyperglobulinemie purpura of Waldenstrém. The most interesting reactions 
occurred with the macroglobulin sera. As shown in Table II, there were 6 
positive and 7 negative results. Titers for those positive sera ranged from 1:56 
to above 1:7,168. No clinical evidence of rheumatoid arthritis was present in 
any of these patients. Latex fixation tests and bentonite flocculation results 
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fig. 2. Paper electrophoretic patterns of sera from 8 patients with Waldenstrém’s macro- 
globulinemia. The mobilities were usually gamma or ‘‘M’’ protein, but Patient No. 17 had a 
beta, migration. 


usually were comparably positive or negative in hyperglobulinemic purpura 
but frequently were negative in macroglobulinemia. A comparison of protein 
characteristics with agglutination tests is shown in Table II. 

Lupus precipitation test. Results of protein interaction with paratoluene 
sulfonie acid were nonspecific. Twenty-one positive sera were obtained from 56 
patients with diseases other than lupus erythematosus, as shown in Table III. 


Studies on cryofibrinogen molecules. To determine whether molecular size 
alone could affect these reactions, or whether this was a specific property of 
the globulin molecule, varying molecular weights of fibrinogen were studied. A 
patient with eryofibrinogen and with gangrenous changes in the extremities was 
available for study, and the eryofibrinogen was isolated by cooling the plasma 
to 5° C. After washing this precipitate in cold saline and redissolving it in 
veronal buffer, ultracentrifuge analysis revealed proteins of 4.4 S, 6.5 S, 11.9 S, 
16.5 S, and 19.8 S. There was not enough material for infinite dilution studies, 
but it must be assumed that the true sedimentation constant was somewhat 
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Patient Electrophoretic | Sedimentation | | | Sheep cell 
No. mobility constant Bentonite | Latex agglutination 
9 gamma 32 - - - 
18 
10 beta 19 - - - 
11 gamma 19 - ~ _ 
12 gamma 19 - _ _ 
3 gamma 22 + ‘— - 
14 gamma 19 + t _ 
15 
15 beta 29 + ' - 
19 
18 gamma 22 - -- 1:56 
18 
19 gamma 20 - - 7 1:7168 
20 gamma 22 + - 1:448 
19 
21 gamma 19 - + 1:112 
22 gamma 22 + - 1:1792 
19 
2 diffuse gamma 20 + + 1:896 
Patient # 
1 
2 
3 
. | 





4 


Hyperglobulinemic Purpura (Waldenstrém) 


turbed and the gamma peak is diffuse. 





Fig. 8. Paper electrophoretic pattern of sera from 4 patients with hyperglobulinemic purpura 
of Waldenstrém. Although the gamma globulin is elevated, the other fractions are not dis- 
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higher on the larger molecules. Since no macroglobulins were noted on ultra- 
centrifuge analysis at 37° C. of the whole plasma containing the cryofibrinogen, 
these proteins were assumed to be fibrinogen polymerization products. Latex 
fixation tests were negative despite the fact that the molecular size of some of 
the proteins was apparently similar to that of the rheumatoid factor. 


Table III. Results of paratoluene sulfonic acid precipitation test 








Diagnosis No. of patients | Positive reactions 
Hyperglobulinemic purpura 4 2 
Macroglobulinemia 7 3 
Cryoglobulinemia 4 1 
Myeloma 33 11 
Pyroglobulinemia (myeloma) 1 1 
Miscellaneous 7 3 





Discussion 


Intensive study and research have been done in recent years in an effort to 
characterize the abnormal proteins associated with the rheumatic diseases. This 
is particularly true of the so-called ‘‘rheumatoid factor’’ or ‘‘factors’’ that are 
found in the sera of many patients with rheumatoid arthritis and form the 
basis for the precipitation and agglutination tests. Waldenstrém and Winblad'* 
have observed in hyperglobulinemie purpura that agglutination of sensitized 
sheep cells occurs as often as in their cases with rheumatoid arthritis. Kunkel 
and co-workers’? have observed positive latex fixation tests in 6 of 61 patients 
with sarcoidosis. The sheep cell agglutination was negative in all instances. One 
of their patients with liver disease had a postive sheep cell and latex fixation 
test. However, on ultracentrifuge analysis, a 22 S complex similar to that seen 
in rheumatoid arthritis was found. None of these patients showed clinical 
evidence of rheumatoid arthritis. Isolated instances of positive reactions with 
the latex fixation and bentonite flocculation tests have been noted with macro- 
globulinemic serum. However, most of these studies have not been reported. 

The results of the present study indicate that the abnormal proteins associ- 
ated with myeloma are not similar in serologie reactions to those found in lupus 
erythematosus or rheumatoid arthritis. Patients with macroglobulinemia of 
Waldenstrém, however, who have globulins with a sedimentation constant of 
more than 16 8, may have positive latex fixation, bentonite flocculation, and 
sheep cell agglutination tests. In all cases negative L. E. preparations were 
obtained. Each of the patients with hyperglobulinemie purpura of Walden- 
strém had positive reactions to bentonite flocculation, latex fixation, and sheep 
cell agglutination tests. Titers of 1: 112 and 1:896 were observed. Since none 
of these sera contained an increase in macroglobulins by either the Ouchterlony 
immunologic or ultracentrifuge methods of analysis, the protein responsible 
for these results remains unstudied. Extremely small quantities of macroglobulin 
may cause positive serologic reactions; therefore, the present study does not 
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exclude them. Clinically, however, no evidence of rheumatoid arthritis was 
present. It is suggested, therefore, that each of the tests utilized for the diagnosis 
of rheumatoid arthritis is nonspecific in its broadest sense. The tests detect the 
presence of abnormal proteins that may sometimes be found in other diseases. 
The tests with the highest sensitivity, i.e., the bentonite flocculation and latex 
fixations tests, tend to react more often with these proteins of other diseases 
than the sensitized sheep erythrocytes. It appears, therefore, that the sheep 
cell agglutination test is more specific in the laboratory diagnosis of suspected 
rheumatoid arthritis. Further study of the macroglobulins associated with 
diseases other than rheumatoid arthritis may help delineate the relationship 
of this high molecular weight protein to that found in rheumatoid arthritis. 
Study of the unusual syndrome of hyperglobulinemie purpura of Waldenstrom, 
which seems to frequently have positive bentonite and latex fixation tests, might 
also be of value. In this disorder multiple systems are involved, myalgia is often 
present and, therefore, it may represent a variant of ‘‘collagen disease.’’ Since 
the entire spectrum of rheumatoid arthritis and associated diseases has not been 
clearly delineated, it is intriguing to speculate that hyperglobulinemie purpura 
and some eases of macroglobulinemia may be related. 

The peratoluene sulfonie acid precipitation test was positive in approxi- 
mately 20 per cent of the patients studied who had various abnormal globulins. 
Although these are unusual and relatively rare disorders, it would seem probable 
that other hypergammaglobulinemias will be found to cause false positive results 
and seriously limit the clinical usefulness of this test. 
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The disappearance of Evans blue dye from the blood in 


normal and nephrotic subjects 


PAUL J. H. WYERS, M.D., and PIETER J. J. VAN MUNSTER, PuH.DRs. 


Nijmegen, The Netherlands 


Evans blue dye was found to disappear more rapidly from the blood in nephrotic patients 
than in normal subjects. The dye was excreted in the wrine of nephrotic patients but 
not in that of normal persons. In nephrotic patients the integrated clearance of Evans 
blue dye proved to be greater than the clearance of albumin. This difference between 
both clearances could only be accounted for satisfactorily by assuming catabolism of 
albumin in the tubular cells, which gives an explanation for the increase in the fractional 
rate of catabolism of albumin in the nephrotic syndrome observed by previous authors. 


| Sern injected Evans blue dye (T-1824) combines with albumin 
so long as the combining power of albumin for the dye is not exceeded. This 
never oceurs in the clinical use of the dye.\? Beeause it combines with albumin, 
this dye has been used as an albumin tracer. It has been shown, however, that 
Evans blue is not a genuine tracer of albumin,” although in certain conditions it 
can be used for this purpose.* The metabolism of albumin has been studied 
in detail by means of radioiodinated (I**') albumin. 

The disappearance curve of I'** albumin from the blood provides data on 
the fractional rate of catabolism of albumin and the distribution of albumin 
over the intravascular and extravascular compartments.* As Evans blue is 
not excreted in the urine in the absence of proteinuria, it is possible that, in 
the nephrotic syndrome, its clearance is equal to that of albumin. Leutscher,® 
Chinard and associates,’ and Lauson and colleagues’ studied each type of 
clearance for a maximum period of 36 hours after a single injection of Evans 
blue in nephrotic patients. The clearance of Evans blue was found to be 
from 49 to 115 per cent of the clearance of albumin. The proportionally greatest 
clearance of Evans blue was observed in the final stage of the experiment. 
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Table I. Comparison between the 24 hour clearances of albumin and Evans 
blue dye in eases of nephrosis 










24 hour clearance 
of albumin 


Daily urinary 
loss of Evans 


Mean daily serum 
Evans blue concentra- 


24 hour clearance 
of Evans blue 























































Day | (ml.) | blue (mg.) tion (mg./100 ml.) (ml.) 
Patient A, first injection Evans blue* 
1 234 1.57 0.91 172 
2 254 1.00 0.41 244 
3 275 0.81 0.25 325 
4 248 0.66 0.175 375 
5 259 0.59 0.124 475 
6 343 0.64 0.098 650 
7 346 0.57 0.081 700 
8 271 0.41 0.065 630 
9 320 0.43 0.054 800 
10 215 0.34 0.045 760 
11 200 0.28 0.039 720 
12 234 0.28 0.0345 810 
13 247 0.19 0.030 630 
14 281 0.26 0.027 960 
15 244 0.22 0.0245 900 
16 190 0.18 0.022 820 
17 233 0.18 0.021 860 
18 284 0.18 0.019 950 
19 280 0.14 0.018 780 
20 266 0.14 0.017 820 
21 254 0.14 0.0155 900 
22 247 0.14 0.0145 960 
Patient A, second injection Evans bluec* 
1 537 2.90 0.72 403 
2 522 1.77 0.29 610 
3 510 1.18 0.16 740 
4 640 1.13 0.101 1,120 
5 551 0.96 0.069 1,400 
6 568 0.78 0.049 1,600 
7 493 0.67 0.0355 1,890 
8 520 0.52 0.025 2,080 
9 495 0.44 0.019 2,300 
10 531 0.39 0.015 2,600 
11 476 0.28 0.0125 2,250 
12 408 0.18 0.0105 1,700 
13 407 0.17 0.0088 1,950 
Patient B* 
l 830 5.38 0.825 652 
2 740 2.10 0.188 1,120 
3 650 1.18 0.082 1,440 
4 707 0.69 0.055 1,260 
5 670 0.59 0.041 1,440 
6 785 0.50 0.036 1,390 
7 1,020 0.56 0.031 1,810 
8 940 0.45 0.028 1,610 
9 713 0.38 0.022 1,72 
*Injected dose mg. Evans blue. 
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24 hour clearance Daily urinary Mean daily serwm 24 hour clearance 
of albumin loss of Evans Evans blue concentra- of Evans blue 
Day (ml.) blue (mg.) tion (mg./100 ml.) (ml.) 
Patient Ct 
1 541 3.25 0.75 434 
2 651 1.81 0.26 692 
3 626 1.02 0.13 768 
4 529 0.55 0.076 . 720 
5 769 0.49 0.048 1,020 
6 480 0.35 0.033 1,055 
7 618 0.19 0.026 730 
8 698 0.225 0.0225 1,000 
9 703 0.17 0.0195 870 
10 553 0.12 0.0175 680 
11 458 0.082 0.0155 530 
12 644 0.10 0.014 710 
13 706 0.09 0.012 745 
14 485 0.063 0.011 570 
15 593 0.072 0.010 740 
16 570 0.072 0.0086 840 


Patient Dt 





1 37.5 0.21 0.71 29.5 
2 45 0.15 0.285 52.5 
3 18.5 0.087 0.18 48 
4 24 0.10 0.13 77 
5 19.5 0.095 0.105 90 
6 16 0.075 0.089 84 
7 7 18 0.065 0.077 84 
8 19.5 0.062 0.068 91 
9 16.5 0.082 0.061 134 
10 8 0.053 0.057 93 
il 4 0.050 0.051 98 
12 3 0.057 0.047 121 
13 2 0.025 0.045 56 
14 0.050 0.042 120 
15 0.055 0.039 141 
16 0.055 0.037 148 
17 0.033 . 0.034 97 
Patient E$ 
1 33.5 0.138 0.81 17 
2 17 0.050 0.45 11 
3 19 0.087 0.29 30 
4 ? 0.025 0.21 12 
5 17.5 0.035 0.17 21 
6 15.5 0.105 0.145 72 
7 20 0.040 0.125 32 
8 9 0.105 0.11 95 
9 4.5 0.18 0.10 180 
tInjected dose 15.5 mg. Evans blue. 
tInjected dose 9.25 mg. Evans blue. 
§Injected dose 23 mg. Evans blue. 
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24 hour clearance Daily urinary Mean daily serwm 24 hour clearance 
of albumin loss of Evans Evans blue concentra- of Evans blue 

Day | (ml.) | blue (mg.) tion (mg./100 ml.) (ml.) 
Patient E$ (Cont’d) 

10 21 0.15 0.090 165 

11 42 0.28 0.082 340 

12 56 0.29 0.076 380 

13 36.5 0.28 0.069 410 

14 58 0.23 0.064 360 

15 57 0.27 0.060 450 

16 43 0.30 0.056 540 

17 7 0.29 0.052 560 

18 23 ? 0.048 ? 

19 27 ? 0.045 ? 

20 57 0.15 0.043 350 

21 104 0.19 0.040 480 

22 34 0.18 0.037 490 





Materials and methods 


Allen and Orahovats® showed that certain surface-active chemicals dissolve the union 
of Evans blue and albumin. Free Evans blue is absorbed by filter paper in the presence of 
NaCl. For the determination of Evans blue in serum, 3 ml. of serum is diluted with 
6 ml. of 0.9 per cent NaCl and 3 ml. of a 20 per cent solution of rogypon TZ.* Rogypon 
TZ is one of the many modern domestic detergents; it was used in dissolving the union 
between albumin and Evans blue. When serum containing no dye is diluted in this way 
and passed through a loosely packed column of ground Whatman No. 1 filter paper, the 
optical density of the solution at 620 my is not affected. When dye-containing serum is 
treated in this way, the dye is quantitatively absorbed by the filter paper. It is neces- 
sary to use very pure Evans blue. Some brands of Evans blue contain a reddish impu- 
rity which is not absorbed by the filter paper column. The solutions should be centrifuged 
before and after filtration. The serum of nephrotic patients clears when it is diluted 
with rogypon TZ. For the determination of Evans blue in urine, 10 ml. of urine is 
diluted with 2 ml. of 20 per cent rogypon TZ and treated as serum. The optical densities 
were measured in an Unicam SP 500 spectrophotometer in microdishes 4 em. in length. 
By reading the optical density of the solution at 620 mp before and after filtration and 
of the filtered solution following known additions, the concentration of the dye in the 
serum or urine could be evaluated. It was possible to determine a concentration of 0.01 
mg. of dye per 100 ml. to an accuracy of 10 per cent. Concentrations of 0.03 mg. per 
100 ml. could be evaluated to an accuracy of 5 per cent. Above this concentration, 
variations from the true value were only a few per cent. The albumin fraction of the 
protein in the serum and urine was determined by paper strip electrophoresis, the total 
protein concentration being determined by the biuret method. 


The 24 hour clearance of albumin was calculated from the following formula: 


. serum albumin concentration (gram per 100 ml.) 
24 hour clearance of albumin = 





urinary excretion of albumin (gram per 24 hours) 
x 100 ml. 


The 24 hour clearance of Evans blue was calculated from the following formula: 


*Obtained from Rogier Bosman, Rotterdam, The Netherlands. 
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P 
urinary excretion of Evans blue (milligram per 24 hours) 
x 100 ml., where P is the mean daily serum Evans blue concentration (milligram per 100 ml.) 
read from the serum dye concentration disappearance curve. 


24 hour clearance of Evans blue = 





Results 


In 7 healthy subjects from 2.5 to 35 years of age, the disappearance of 
Evans blue from the blood was studied after intravenous injection of from 0.3 
to 0.5 mg. of Evans blue per kilogram body weight. The first determination of 
the extinction of Evans blue in the serum was made within 10 minutes after 
injection. This extinction served as the 100 per cent value for subsequent serum 
dye extinctions. Fig. 1 shows the proportional disappearance of Evans blue 
from the blood; each dot represents a determination in 1 of the 7 subjects. 
It should be noted that the ordinates are logarithmic. The percentages 
obtained can be connected by a straight (exponential) line within 10 days. 
Even traces of dye were not detectable in the urine of normal subjects either 
immediately after injection or later on. 

In nephrotic children the disappearance of Evans blue from the blood 
and the urinary elimination of the dye were studied following the intra- 
venous injection of from 0.5 to 0.8 mg. of dye per kilogram body weight. 
The first determination of the serum dye concentration was made within 
10 minutes after injection. In every ease, the dye disappeared much more 
rapidly from the blood than it did from that of normal subjects. In all 
patients, dye was excreted in the urine. In Case A, 20.5 mg. of Evans blue 
was injected. The serum albumin concentration was 1.4 Gm. per 100 ml. 
The 24 hour clearance of albumin, the data essential to the calculation of the 
24 hour clearance of Evans blue, and the 24 hour clearance of Evans blue are 
listed in Table I. During the first 2 days following the administration of 
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Fig. 1. The disappearance of Evans blue from the blood in normal subjects. 
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Evans blue, its 24 hour clearance was less than that of albumin. The 24 hour 
clearance of Evans blue increased, however, and within 2 days it exceeded that of 
albumin. From the ninth day, the clearance of Evans blue was from 3 
to 4 times as much as the clearance of albumin. Within 4 months after the 
first injection, Case A was given a second injection of Evans blue. The 
serum and urine no longer contained any demonstrable dye from the first 
injection. The serum albumin concentration was 1.09 Gm. per 100 ml. The 
24 hour clearance of Evans blue only was less than that of albumin on the 
first day. 

The serum albumin concentration in Case B was 0.7 Gm. per 100 ml. 
The 24 hour clearance of Evans blue only was less than that of albumin on 
the first day. 

The serum albumin concentration in Case C was 0.55 Gm. per 100 ml. The 
24 hour clearance of Evans blue showed a moderate increase and on some 
days the difference between the 24 hour clearance of albumin and that of 
Evans blue was not significant. Once again the 24 hour clearance of 
Evans blue only was less than that of albumin on the first day following 
































































Table II. Evans blue* excreted in the urine in eases of nephrosis each day more 
or less than would have been excreted if the clearance of Evans blue had been 
equal to the clearance of albuminf 


















































































































































Patient A, | Patient A, | Patient B | Patient C | Patient D | Patient E 
Day (mg.) | (mg.) |  (mg.) | (mg.) | (mg.) (mg.) 
Z —0.57 —0.97 —1.47 —0.80 —0.057 —0.134 
2 —0.04 +0.26 +0.71 +0.11 +0.021 —0.027 
3 +0.12 +0.37 +0.64 +0.19 +0.053 ? 
+ +0.22 +0.48 +0.30 +0.15 +0.069 +0.032 
5 +0.27 +0.58 +0.31 +0.12 +0.074 +0.006 
6 +0.30 +0.50 +0.22 +0.19 +0.061 +0.083 
7 +0.29 +0.49 +0.24 +0.029 +0.051 +0.015 
8 +0.2% +0.39 +0.19 +0.067 +0.049 +0.095 
9 +0.26 +0.35 +0.22 +0.032 +0.072 +0.17 
10 +0.24 +0.31 +0.022 +0.048 +0.13 
11 +0.20 +0.22 +0.010 +0.048 +0.25 
12 +0.20 +0.14 +0.009 +0.056 +0.25 
13 +0.11 +0.13 +0.005 +0.024 +0.25 
14 +0.18 +0.009 +0.050 +0.19 
15 +0.16 +0.014 +0.055 +0.24 
16 +0.14 +0.023 +0.055 +0.28 
17 +0.13 +0.033 +0.29 
18 +0.13 ? 
19 +0.09 ? 
20 +0.09 +0.13 
Totals +2.75 +3.25 +1.36 +0.18 +0.76 +2.25 
*This quantity of Evans blue each day is: daily urinary excretion of Evans blue 
at 24 hour clearance of Evans blue ~ 24 hour clearance of albumin 





24 hour clearance of Evans blue 
{The total urinary excretion of Evans blue during the time that the 24 hour clearances of 
albumin and Evans blue were compared in this table were as follows: Patient Ax, 9.06 


mg.; Patient As, 11.37 mg.; Patient B, 11.83 mg.; Patient C, 8.65 mg.; Patient D, 1.30 
mg.; and Patient E, 3.37 mg. 
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the injection of Evans blue. Case C was the only case in this series showing 
a diminished urea clearance (25 per cent). In Case D, the disease was in 
abeyance. The serum albumin concentration rose from 1.6 to 2.8 Gm. per 
100 ml. during the first 17 days after injection of the dye; the urinary elimina- 
tion of albumin decreased until it ceased within 14 days (0.7 to 0.0 Gm. daily). 
Despite the diminishing clearance of albumin, the clearance of Evans blue 
increased. Although after 14 days protein was no longer identifiable in the 
urine, the excretion of the dye continued. The dye, however, was not freely 
present in solution in the urine; it was still necessary to use the detergent 
in determining the urinary dye concentration. Within 4 weeks after in- 
jection of the dye, the serum albumin concentration was normal. Determination 
of the urinary and serum dye concentrations was still possible. Case D was now 
given another injection of Evans blue; the serum dye concentration showed 
a fortyfold increase. In spite of this fact, the low urinary elimination of 
the dye continued unchanged. 

During the experiment, the serum albumin concentration in Case E fell 
from 2.45 to 2.1 Gm. per 100 ml. The urinary elimination of albumin was 
low and varied (0.1 to 2.2 Gm. daily). During the first 2 days, the 24 hour 
clearance of Evans blue was less than that of albumin. Subsequently, the 
24 hour clearance of Evans blue rose to much higher levels. 

In Table II are listed the quantities of Evans blue excreted daily in 
excess of or less than those that would have been exereted if the clearance 
of Evans blue had been equal to the clearance of albumin. During the first 
day (Cases A., B, C, and D) or the first 2 days (Cases A, and E) less Evans 
blue is exereted than would have been excreted if the clearance of Evans blue 
had been equal to the clearance of albumin; subsequently, more dye is 
excreted. As is apparent from Table II, the total ‘‘execess’’ of Evans blue 
eliminated after the first 1 or 2 days is much larger than is the total ‘‘deficieney”’ 
in elimination during the first 1 or 2 days. In Case C, the difference is too small 
to be considered significant (2 per cent of the total urinary elimination of 
Evans blue during the period of observation). Case C was the only ease 
in this series showing a diminished urea clearance (25 per cent). In the 
other cases, the difference is from 11.5 to 67 per cent of the total urinary 
elimination of Evans blue during the period of observation. 


Discussion 


Freinkel and associates® studied the normal disappearance of Evans blue 
from the blood for 7 days. Our findings are in accordance with those of 
Freinkel, although the percentages found by the latter show more marked 
variations. Garrow and Waterlow*® found a disappearance curve in one adult 
which is almost identical with the curve in Fig. 1. The disappearance curve 
of Evans blue may be divided into 2 portions: one falling rapidly and curved 
and another falling slowly and straight. The disappearance curve of [*! 
albumin is similar in shape.* The 2 curves, however, are not identical. The 
disappearance curve of I'*! albumin falls less rapidly than does that of Evans 


~ 


blue and follows a straight course as early as within 5 days. The initial 
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Fig. 2. The disappearance of Evans blue from the blood of a patient with idiopathic hypo- 
proteinemia (exudative enteropathy). 


rapid fall in concentration is due to migration of I’** albumin to the extravas- 
cular compartment. This also holds true for the disappearance curve of 
Evans blue. Within 10 days, an equilibrium is established between the dye 
in the extravascular compartment and the dye in the blood, which is apparent 
from the fact that the fall of the disappearance curve has now become exponen- 
tial. The gradient of the exponential portion of the curve is a measure of the 
fractional rate of disappearance of Evans blue from the body. 

The disappearance curve of Evans blue is not identical with that of I'** 
albumin, thus Evans blue is not a genuine tracer of albumin. Nevertheless, 
the disappearance of Evans blue from the blood may be used as an indicator 
of the disappearance (or catabolism) of albumin.’ Idiopathic hypoproteinemia 
and steatorrhea (exudative enteropathy) is marked by an increased fractional 
rate of catabolism (disappearance) of albumin and gamma globulin,’® ™* which 
increase probably is due to abnormal permeability of the gastrointestinal tract 
to plasma proteins.2* The disappearance of Evans blue from the blood was 
found to be markedly accelerated in a patient affected with this disease (Fig. 2). 

In the nephrotic patients studied, the clearance of Evans blue is not 
equal to the clearance of albumin. During the first 1 or 2 days after adminis- 
tration of Evans blue, its 24 hour clearance is less than that of albumin. The 
clearance of Evans blue increases, however, becomes superior to that of albumin 
within a maximum period of 2 days, and, finally, attains values much higher 
than the clearance of albumin. Is it permissible to use the phrase ‘‘clearance 
of Evans blue’’? Does the Evans blue present in the urine during a certain 
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period enter the urine from the blood only during that period? In Case D 
this certainly was not true during the second injection of Evans blue, for a 
marked increase in the plasma-dye concentration did not affect the urinary 
elimination of the dye. Albumin and Evans blue will pass through the glo- 
meruli in the same ratio as that in which the two substances cireulate in the 
blood. It is possible that the unexpected discrepancy between the clearances 
of the two substances is due to the fact that the protein-dye complex is 
(partially) absorbed by the tubular cells and returned to the urine some time 
later. In the meantime, the plasma-dye concentration diminishes, whereas 
the ‘‘clearance’’ of Evans blue will inerease as a result of this delay in elimina- 
tion. In the nephrotic syndrome, tubular cells disintegrate and parts of them 
are detected in the urine. Goodman* showed that, after intravenous adminis- 
tration of Evans blue, large quantities of the dye are identifiable in the cells 
of the proximal convoluted tubules in nephrotie rats, these quantities being 
much greater than they were in the tubular cells of normal rats. 

During the first 1 or 2 days, the amount of dye detectable in the urine of 
nephrotic patients is less than that which would have been found if the 
clearance of Evans blue had been as great as the clearance of albumin; sub- 
sequently, more Evans blue is excreted in the urine than the quantity that 
would have been exereted if the clearance of the two substances had been 
equal. If the above theory (viz., that the dye-protein complex is partially 
absorbed by the tubular cells and is excreted in the urine as the result of disin- 
tegration of tubular cells some time later) is correct, the ‘‘deficiency’’ in the 
quantity of Evans blue initially eliminated in the urine must be more than 
the ‘‘exeess’’ of dye subsequently excreted, as the urinary elimination of 
Evans blue cannot be followed indefinitely. 

As is apparent from Table II, the total ‘‘excess’’ of Evans blue eliminated 
after the first 1 or 2 days is much larger than is the total ‘‘deficiency’’ in 
elimination during the first 1 or 2 days, except in Case C, in which the difference 
is not significant. So the above theory, that the ‘‘deficiency’’ in the quantity of 
dye excreted initially is subsequently eliminated ‘‘in excess,’’ does not fully 
account for the increase observed in the clearance of Evans blue. In 
other words, during the total period of observation, the clearance of Evans blue 
is larger than the clearance of albumin; or, the exeretion of Evans blue is larger 
than the excretion of albumin, in view of the ratio between both substances in 
the blood. This means that albumin re-enters the blood without Evans blue 
following reabsorption of the protein-dye complex by the tubular cells or that 
albumin is catabolized in the kidney. 

Gitlin and co-workers** *° observed an increased fractional rate of catabolism 
of albumin, gamma globulin, iron-binding globulin, and alpha-1-lipoprotein in the 
nephrotic syndrome. These findings are consistent with the theory that an in- 
creased fractional rate of catabolism (in the body) is found only for those plasma 
proteins which are excreted in the urine. In the event of proteinuria, the 
reabsorption of protein by the cells of the proximal convoluted tubules will in- 
crease.'* 16-19 QOliver and associates*” *! concluded that the mitochondria play 
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an important role in this reabsorption of protein, and believe catabolism of 
protein in the tubular cells to be possible. Others coneur in this view.'® **-*4 
These considerations lend support to the theory that the increase in the frac- 
tional rate of catabolism of those plasma proteins which are excreted in the 
urine in the nephrotic syndrome is due to catabolism of these plasma proteins 
in the tubular cells after reabsorption. 

This investigation showed that the difference between the clearance of 
albumin and the clearance of Evans blue found in nephrotic patients can 
only be accounted for by a selective return of albumin without Evans blue 
from the tubular cells to the blood or by the catabolism of albumin in these 
cells. A selective return of albumin to the blood is unlikely in view of 
the fact that Evans blue is firmly bound by albumin. Therefore, the differ- 
ence between the clearances of albumin and Evans blue found in nephrotic 
patients supports the above theory, viz., that albumin is ecatabolized in the 
tubular cells in this disease and that the increase in the fractional rate of 
catabolism of albumin observed by Gitlin and his associates'* ** is due to 
vatabolism of albumin in the tubular cells. 
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Labeling of antibody to influenza virus with radioactive 
iodine 


ROBIN D. POWELL, M.D. Chicago, Ill. 


A method is presented of labeling with I'31 and separating antibody to PR8 strain in- 
fluenza A virus. Evidence is presented suggesting that, of the radioactivity in the 
labeled antibody preparations, 45 to 65 per cent is associated with antibody specific for 


PR8 strain influenza A virus. 


, purpose of this report is to present a method of labeling influenza 
virus antibody with radioactive iodine (I'*') and to present evidence sug- 
gesting that a significant portion of the radioactivity of the labeled antibody 
preparation is associated with specific influenza antibody. The work was un- 
dertaken in an effort to develop an additional tool for the study of viruses and 
antibodies to them. 


Adsorption, by the method of Jensen and Francis,! of PR8 strain in- 
fluenza A virus onto treated fowl red blood cells has been utilized to form a 
stable and insoluble red cell—-virus complex. Globulin of serum having anti- 
body to PR8 strain influenza A virus, as detected by high hemagglutination- 
inhibition titers, has been labeled with I'*' by means of the method described 
by Talmage and ecolleagues.2. The blood cell—virus complex has then 
been mixed with the I'*'-labeled globulin to form an insoluble red eell-— 
virus-labeled antibody complex. Following centrifugation and washing, this 
antibody complex has been treated to release the labeled antibody. In the 
resulting labeled antibody preparations, 45 to 65 per cent of the radioactivity 
has been found to be associated with antibody specific for PR8 strain in- 
fluenza A virus. 
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Materials and methods 


Viruses. The PR8 and Ds strains of influenza A virus, adapted to mouse and egg, were 
used in this work. Ds virus, developed by Gerber and associates,3 is the fourth in a series 
of variants derived from growth of parent PR8 virus in the lungs of mice made poy 
immune to the virus by previous homologous vaccination. 


Antiserum. Rabbit antiserum was used in this work and was prepared by intravenous 
inoculation of 5 ml. of freshly harvested allantoic fluid PR8 virus weekly for 3 injections. 
Two weeks following the third injection blood was withdrawn from the rabbits. All sera 
were stored at —20° C. 

Hemagglutination-inhibition (HI) tests were done in the conventional method suggested 
by Salk. 


Preparation of insoluble red blood cell-virus complex, Treatment of red blood cells with 
formalin will stabilize the cells or cell fragments for many weeks if they are kept at 4° C. 
Treatment of virus with periodate will not alter the ability of the virus to adsorb onto 
red cells but will destroy their ability to elute from the cells. Combination of these two 
procedures,! as described below, resulted in a stable red cell—virus complex. 

The red cell-virus complex was prepared as follows: One hundred milliliters of packed, 
washed, human group O red cells was added to 100 ml. of 30 per cent formalin and mixed 
for 48 hours at 4° C. The resulting thick chocolate-colored suspension was agitated dur- 
ing 48 hours’ dialyzation against running tap water at 4° C. The formalin-treated red 
cells were then washed 10 times in large amounts of sterile saline and stored as a 50 per 
cent suspension at 4° C. 

Two hundred fifty milliliters of freshly harvested PR8 or Ds strains of influenza A 
virus in allantoic fluid was treated with 250 ml. of M/25 periodate. (In order to get the 
periodate in solution it is necessary to heat the suspension to near boiling and then cool 
gradually.) After the virus and periodate were mixed for 1 hour at room temperature, 
250 ml. of 10 per cent sterile glucose was added. 

The virus-coated red cell complex was prepared by adding 50 ml. of the 50 per cent 
red cell suspension to 750 ml. of the periodate-virus-glucose mixture, after which the 
suspension was agitated for 24 hours at 4° C. The virus-coated red cells were then 
centrifuged and added to a second 750 ml. suspension of periodate-virus-glucose solution 
for further adsorption of the virus at 4° C. for 24 hours. The virus cell complex was 
then centrifuged, washed 5 times in sterile saline, and stored as a 50 per cent suspension 
at 4° C. 

Labeled nonpurified globulin. Labeled nonpurified or nonspecific globulin was prepared 
in the following manner: Five milliliters of pooled rabbit antisera having a high HI titer was 
added to 5 ml. of saturated ammonium sulfate to precipitate globulins. The precipitate was 
dissolved in 2 ml, normal saline and dialyzed for 10 hours against running tap water and for 
2 hours against normal saline. The dialyzed globulin preparation was then diluted to con- 
tain 20 mg. N per milliliter and stored in 0.5 ml. aliquots at —20° C. 

The globulin preparation was then labeled with 1131 with the use of the method described 
by Talmage and associates? as follows: To 0.5 ml. of the dialyzed globulin preparation was 
added 0.5: ml. of 0.2 M carbonate buffer, pH 10, forming a buffered dialyzed globulin prepara- 
tion. To 6 me. of [131 in a volume less than 0.5 ml. were added in order: 1 or 2 drops freshly 
prepared 0.01 N solution of KI, 1 drop of 0.5 N HCl, and 1 drop of 0.1 N NaNO,. If 
the 1131 solution at this point did not have a faint orange color, pH was tested and 0.5 N 
HCl was added until the solution was acid. To this I131 solution then was added 1.0 ml. of 
the buffered dialyzed globulin preparation. One drop of 1 N KI was then added. After 
the mixture stood for 3 minutes it was filtered through a column of Amberlite IR-4B resin and 
the original tube and column were washed with 9 ml. H,O. The fraction of mixture and wash 
solution passing through the resin was designated as labeled nonpurified globulin. This 10 
ml. solution was made isotonic with 8.5 per cent sodium chloride, buffered to pH 7.0 with 
phosphate, and stored at 4° C. ina dilution of 1/10,000 Merthiolate. At this point 98 per 
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cent of the radioactivity was protein-bound. HI titers of the labeled nonspecific globulin 
solutions were 8 to 32 units per milliliter. HI titers were zero following admixture with 
virus-coated red cells. 

Specific labeled antibody. Specific labeled antibody was prepared in the following 
manner: One milliliter of 50 per cent virus-coated red cells was added to 10 ml. of the 
labeled nonpurified globulin. Following overnight mixing at 4° C., the red cell—virus- 
labeled antibody complex was centrifuged and washed 15 times in large volumes of saline 
and 0.15 per cent potassium iodide. 

In order to release the antibody from the red cell—virus-labeled antibody complex, 
the complex was suspended in 2 ml. normal saline and the pH was adjusted to 3.5 by the 
dropwise addition of 0.2 M ecitrie acid. After 15 minutes the suspension was centrifuged, 
and the supernatant, now containing more purified or more specific labeled antibody, was 
adjusted to pH 7.0 by the addition of 0.5 N sodium hydroxide. The labeled antibody was 
purified further by a repetition of the above adsorption and elution process on the super- 
natant. The final supernatant was then designated as purified or specific labeled antibody 
and was stored at 4° C. 

All samples were assayed for radioactivity after dilution to 2 ml. aliquots, having less 
than 50,000 counts per sample per minute, by counting with a scintillation counter having 
an average background of 50 to 80 ¢.p.m. 

The purified labeled antibody solution was then tested to determine that part of the 
radioactivity associated with specific PRS8 strain influenza A virus antibody. To separate 
aliquots of purified labeled antibody, PR8 virus-coated and nonvirus-coated red cells were 
added. Noncoated red cells were those treated like the virus-coated cells in every respect 
except that virus was not added. The samples were mixed overnight at 4° C., centrifuged, 
and the red cell complexes then separated from the supernatants. The radioactivity of 
each fraction was then determined as described above (Table I). Subsequently, the 
identical procedure was repeated, using these same supernatants from the procedure 
illustrated in Table I, and mixing with new suspensions of virus-coated and nonvirus- 
coated red cells (Table IIT). The number of each sample in Table IT is identical to the 
number of the respective supernatant from Table I. A similar procedure was carried out 
for comparison utilizing red cells coated with Dsr strain influenza A virus. 


Results 


Purified I***-labeled antibody to influenza virus prepared by the method 
here described varies in HI titer from 4 to 32 HI units per milliliter. The 
preparations vary in radioactivity from 100,000 to 700,000 ¢.p.m. per milliliter. 
The average radioactivity per HI unit, with background 60 to 80 ¢.p.m., has 
been 32,000 e.p.m. per HI unit. Thus, it is possible to detect and study anti- 


body to influenza virus in amounts much smaller than those required to yield 1 
HI unit. 


Table I. Adsorption of purified labeled rabbit PR8 antibody onto PR8 virus— 
red blood cell complexes* 





| Corrected counts 


R.B.C. complex | (103/ml./minute) 











%o 
Sample No. | added | Supernatant | R.B.C. Supernatant | % R.B.C. 
1 Nonvirus R.B.C. 25.4 13.2 67 33 
2 Nonvirus R.B.C. 25.8 14.2 64 36 
3 Nonvirus R.B.C. 26.4 13.8 66 34 
4 PRS virus R.B.C. ta 33.4 19 81 





*Radioactivity corrected for background of 64 c.p.m. 
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Table II. Adsorption of Table I supernatants (samples 1, 2, and 3 previously 
absorbed with nonvirus R.B.C. and sample 4 previously absorbed with PR8- 
virus R.B.C.)* 














Corrected counts 
R.B.C. complex (108/wi, /atenste) Jo 
Sample No. added Supernatant | RBC. Supernatant % RBC. 
1 Nonvirus R.B.C. 15.2 4.3 78 22 
2 PR8 virus R.B.C. 3.5 13.8 ‘ 20 80 
3 PRS virus R.B.C. 3.9 14.3 21 79 
4 Nonvirus R.B.C. 4.6 1.2 79 21 





*Radioactivity corrected for background of 64 ¢c.p.m. 


From 45 to 65 per cent of the radioactivity of the preparations has been 
found to be associated specifically with PR8 strain influenza A virus anti- 
body. The percentage of specificity of the radioactivity can be determined by 
addition of PR8 virus-coated and nonvirus-coated red cells to preparations of 
the purified labeled antibody, as in Table I. The nonecoated red cells absorbed 
33 to 36 per cent of the radioactivity while the PR8-virus—coated red cells 
absorbed 81 per cent. The difference suggests that, in this preparation, 47 
per cent of the radioactivity was associated with antibody specific for the 
virus. Upon repeated washings in normal saline, 2 per cent of the radio- 
activity could be removed from the red eell—virus-labeled antibody com- 
plexes formed, as in Table I. In addition, a different, but closely related, 
virus, Ds strain influenza A virus, has been coated on red cells and the com- 
plex then mixed with preparations of labeled antibody to PR8 virus. No 
inerease in absorption of radioactivity occurred after addition of Ds virus 
over that occurring with nonvirus-coated red eells. 

Increased purity of the labeled antibody preparations results from mixture 
with nonvirus-coated red cells. Supernatants following such mixture, as from 
samples 1, 2, and 3 noted in Table I, have been retested by the addition of 
virus-coated and nonvirus-coated red cells, as outlined in Table II. Super- 
natants from the study in Table I became the samples tested as noted in 
Table II and are correspondingly numbered. The difference in adsorption of 
radioactivity onto the virus-coated and nonvirus-coated red cells suggests 
that in these samples 57 per cent of the radioactivity was associated specifi- 
eally with antibody to PR8 virus. 

Multiple preparations of I'*'-labeled antibody have been similarly studied. 
The lowest initial percentage of radioactivity associated specifically with anti- 
body to PR8 virus has been 45 per cent. The maximum specificity subse- 
quently obtained, following repeated nonvirus-coated red cell adsorption, has 
been 65 per cent. 


The author wishes to express his appreciation to Clayton G. Loosli, M.D., Dorothy 
Hamre, Ph.D., and David W. Talmage, M.D., whose continued support and guidance en- 
abled the author to carry out this work. 


2¢ nang J. Lab. & Clin. Med. 
390 V owe Ul September, 1961 


REFERENCES 


1. Jensen, K. E., and Francis, T., Jr.: The Antigenic Composition of Influenza Virus 
Measured by Antibody-Absorption, J. Exper. Med. 98: 619, 1953. 
2. Talmage, D. W., Baker, H. R., and Akeson, W.: 


Labeled Antibodies, J. Infect. Dis. 94: 199, 1954. 
3. Gerber, P., Loosli, C. G., and Hamre, D.: Antigenic Variants of Influenza A Virus 
(PRS Strain), J. Exper. Med. 101: 627, 1955. 
. Salk, J. E.: 


The Separation and Analysis of 


A Simplified Procedure for Titrating Hemagglutinating Capacity of In- 
fluenza-Virus and the Corresponding Antibody, J. Immunol. 49: 87, 1944. 














Effect of dosage and interval between injections on the 


antibody response to polyvalent influenza vaccine 


WILLIAM J. MOGABGAB, M.D., BARBARA HOLMES, B.A., 
RICHARD J. BRIGHTWELL, LIEUTENANT COLONEL, USAF (MC), 
and CHARLES W. RESLER, CAPTAIN, USAF (MSC) 


New Orleans, La., and Biloxi, Miss. 


Hemagglutination-inhibition antibody responses stimulated by each of the viruses in 500 
chicken cell agglutination units per milliliter of polyvalent influenza vaccine were deter- 
mined after vaccination of young airmen. Dosages of 1.0, 0.5, and 0.25 ml. were 
compared and the effect of second injections at intervals of 6, 8, and 10 weeks were con- 
trasted. A single dose of 1.0 ml. caused an active response to all components except 
Swine virus, probably because of the lack of previous experience with this agent. Except 
to the latter virus, mean titer increments following a second injection were less than two- 
fold, and the results were only slightly enhanced by lengthening the interval between 
injections to 10 weeks. In general, antibody increments appeared to be proportional 
to the total amount of vaccine administered, whether it was given as a single or divided 
dose. Fold increases in titer were greater in individuals without much initial anti- 


body, but final titers were lower in this group. 


| emphasis on the effect of size of dose and number of injections 


of influenza vaccine has resulted from problems that were encountered during 
and subsequent to the 1957 through 1958 Asian virus pandemic. Conserva- 
tion of limited supplies was a motivating factor initially, and later the need 
for a greater stimulus for adequate antibody response became obvious as a° 
result of the antigenic novelty of this virus. Without the pressure of an 
imminent epidemic the degree of painful or febrile reactions to vaccination 
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becomes an increasingly significant factor in acceptability and dictates the 
desirability of information on the minimal necessary dosage as well as the 
most effective method of administration. The effect of variations in the 
amount of antigen in each compartment of a new formula polyvalent vac- 
cine in a population with an antibody pattern modified by time and the 
stimulus of the preceding epidemic was also desirable for the purpose of 
evaluating breadth of response as well as strain-specifiec protective effect. 








Studies in children and adults with influenza vaccine containing 6 dif- 
ferent strains representing the major antigenic families have recently been 
reported by Jensen and co-workers.’ The results of observations in military 
personnel with a similar preparation were presented by Meiklejohn.* Both of 
these reports indicated the adequacy of antibody stimulating effect for all 
of the ineluded viruses. 













This paper deseribes the hemagglutination-inhibition antibody response 
caused in young airmen by each antigenic component of polyvalent influenza 
vaccine after the first and second injections. Variations in size of dose and 
spacing of the 2 inoculations as well as differences due to the presence or 
lack of pre-existing detectable antibody are also included. 


Materials and methods 


Vaccine. Polyvalent influenza vaccine was prepared by commercial sources according 
to specifications of the Commission on Influenza of the Armed Forces Epidemiological 
Board. It was composed of viruses which had been propagated in the allantoic sacs of 
embryonated eggs and subsequently inactivated with formalin. The vaccine contained a total 
of 500 chick cell agglutinating (CCA) units per milliliter, including influenza A strains, 
Swine (100), PRS (100), 1957 A’ (100), Asian (100); and influenza B strains, Lee (50), 
and 1954 B (50). Total content in CCA units was confirmed by replicate hemagglutination 
titrations at intervals during the study with a standardized vaccine as control. 








Immunization and bleeding plan. Young airmen, 17 to 20 years of age, who had been 
in military service for 2 to 6 months were included in the studies at Keesler Air Force Base, 
Biloxi, Mississippi. Those with a record or a history of influenza vaccination within 1 
year or of sensitivity to eggs were excluded. Groups of men were selected October 10, 
1958, and all were inoculated initially at that time. Three groups received 1.0 ml. sub- 
cutaneously, one group was given 0.5 ml. and another group 0.25 ml. of vaccine. A 
tuberculin syringe was used for the latter dose. Formalinized saline was administered 
to the sixth group as a control for naturally occurring infection. Second injections of the 
same dosage were given in all cases. The three 1.0 ml. groups received the second dose at 6, 8, 
and 10 weeks, respectively. The 0.5, 0.25 ml., and placebo groups all received the second in- 
jection at 6 weeks. Blood samples were collected at the time of each inoculation and 2 weeks 
thereafter. An additional placebo group was obtained for the 10 and 12 week bleedings. 
Sera were separated the day following blood withdrawal and stored at 4° C. All opera- 
tions were handled with close supervision supplemented by check lists, and all blood 
specimens were labeled with name, date, and experimental group designation. 













Hemagglutination-inhibition (HI). All sera were treated with receptor-destroying en- 
zyme (RDE), prepared as broth culture filtrates of Vibrio cholerae, and were then heated 
at 56° C. for 30 minutes. All viruses used as antigen were propagated in the allantoic 
sac of the chick embryo except the Asian (A2) strain of influenza A. The latter was 
isolated in 1957 in New Orleans, had been passed 4 to 5 times in monkey kidney cultures 
only, and had been shown to be antibody sensitive. Egg-propagated viruses included 


























Volume 58 nts “2° 7) : 0 , ; , A 
al Antibody response to polyvalent mnfluenza vaccine 395 
Table II. Effect of size of dose of polyvalent influenza vaccine (500 CCA units 
per milliliter) on the hemagglutination-inhibition antibody response after the 
second injection (8 week interval) * 





Mean HI 
antibody titers* 











Size | | | 
of | No. of | | 8 weeks after | 2 weeks after | Fold 
dose sera | Antigen | first dose second dose inereases* 
1.0 ml. at 0+8 5 Swine 3.0 . 9.2 3.1 
weeks PR8 146.9 222.5 1.5 
A’57 16.0 18.4 1.2 
Asian 32.0 48.5 1.5 
Lee 32.0 27.9 0.9 
GL54 48.5 55.7 11 
0.5 ml. at 04+8 10 Swine 4.9 9.2 1.9 
weeks PR8 168.7 274.0 1.6 
A’'57 10.6 13.0 1.2 
Asian 73.5 180.7 2.4 
Lee 48.5 59.7 1.2 
GL54 97.1 147.0 1.5 
0.25 ml. at 0+8 5 Swine 1.7 2.3 13 
weeks PRS8 97.0 113:3 1.2 
A’57 13.9 17.5 1.3 
Asian 9.2 16.0 1.7 
Lee 27.9 32.0 1.2 
GL54 55.7 73.5 13 
Placebo 4 Swine 0.0 0.0 0.0 
PRS 0.0 0.0 0.0 
A’57 2.4 ye 0.7 
Asian 13.5 9.5 0.7 


Lee 4.8 4.8 1.0 
GL54 9.5 19.0 2.0 





*See Table I. These results were derived from sera obtained from men who missed the 
scheduled phases of the study. 
influenza A strains, Swine,* PR8,+t 1957 A’, Denver,t and influenza B strains, Lee,t 1954 B, 
GL 1760.§ Identity of each was confirmed by hemagglutination-inhibition with homologous 
antiserum as compared to known closely related strains and titers with their antisera. 
For measurement of antibody 4 hemagglutinating units of virus were added to twofold 
dilutions of sera and inhibition titers were determined with human type O erythrocytes 
at 4° ©. Titers were recorded as the greatest initial dilution of antiserum inhibiting 
hemagglutination. Geometric means were calculated from the results of individual serum 
determinations. Titers of less than 1:4 were arbitrarily designated as 0 for calculation 
of means. 
*Swine virus obtained from the Virus Laboratory, School of Public Health, University of 
Michigan. 
+PR8 and Lee viruses obtained from the Rockefeller Institute, New York, N. Y. 


tObtained from the United States Public Health Service Communicable Disease Center. 
§Isolated at United States Naval Training Center, Great Lakes, III. 
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Results 


Effectiveness of a single 1.0 ml. injection of 500 CCA unit vaccine. Hemag- 
glutination-inhibition antibody responses to the individual viruses contained in 
the vaccine are shown in Table I. After a single 1.0 ml. dose the mean titers 
obtained were nearly as great as those produced by a second inoculation. A\l- 
though the response to Swine and 1957 A’ was considerably less than that to 
the other strains, this appeared to be the result of lack of sufficient prior 
antigenic experience in this group of individuals, as shown in Table IV. Those 
with initial hemagglutination-inhibition antibody titers of 1:8 or greater re- 
acted much more vigorously to the Swine and A’ strains. Even a second in- 
jection of vaccine at 6, 8, or 10 weeks did not cause comparable results (Table 
I). From the standpoint of the individual, a single dose of vaccine was sufficient 
to produce some change in antibody titers (Table III) for all included antigens 
in most instanees. This lack of response in a small proportion of individuals 
to one or more of the viruses appeared to be the only outstanding deficiency of 
1.0 ml. of 500 CCA units vaccine administered as a single inoculation. It was also 
noteworthy that mean antibody titers were greater at 6 than at 2 weeks after 
vaccination. 

Response to two 1.0 ml. doses of 500 CCA units at intervals of 6, 8, and 
10 weeks, respectively. Increments in mean titers of hemagglutination-inhibi- 
tion antibody following a second 1.0 ml. injection of vaccine were minimal, as 
is shown,in Table I. These were all less than twofold except with Swine virus, 
and the latter remained less than fourfold. The second dose did remove most 
individuals from the “titers of 1:4 or less” categories, but it had little effect on 
the mean titers of this group (Tables III and IV). The group with initial mean 
titers of 1:8 or greater did not demonstrate mean increments following the sec- 
ond injection of vaccine. Comparison of the differences between first and second 
dose intervals of 6, 8, and 10 weeks can be made in Table I. . Results were 
similar in the groups receiving the second injection at 6 or 8 weeks. With a 10 
week interval the fold increases in titers were slightly greater than those of the 
6 and 8 week groups. Unfortunately, bleedings were not done longer than 2 
weeks after the second inoculation in all instances. Possibly, antibody inere- 
ments could have been increasing after this time, as was observed following the 
first injection. 

Effect of reduction of dose to 0.5 ml. (250 CCA units) and 0.25 ml. (125 
CCA units). Reduction in dose uniformly resulted in lower mean hemagglu- 
tination-inhibition antibody titers after the first or second injections of vaccine 
and regardless of time interval between inoculations (Tables I and IT). In 
general, the response appeared to be proportional to the size of dose at each 
vaccination. Both mean titers and fold increases were equivalent, however, 
if the total amount of vaccine given were the same, and whether it was ad- 
ministered as a single or divided dose. This also appeared to be the case 
regardless of intervals of 6, 8, or 10 weeks between injections. Similar obser- 
vations in all these respects were apparent when results from groups with 
hemagglutination-inhibition titers of 1:4 or less were compared to those from 
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groups with titers of 1:8 or greater (Table IV). Of special significance were 
the large numbers of individuals whose antibody titers remained in the low 
categories following the smaller vaccine dosages (Table III). 

Comparison of response of individuals with hemagglutination-inhibition 
antibody titers of 1:4 or less with those of 1:8 or greater. As shown in Table 
[V, fold increments in antibody titers were considerably greater after a single 
injection of vaccine in individuals with initial titers of 1:4 or less. This was 
due only partially to the method of caleulation in which titers below 1:4 
were considered as zero. Nevertheless, despite this ereater degree of antibody 
increment, the final titers were below those of the groups with initial titers 
of 1:8 or more. Accordingly, it is possible that the relative increases in both 
groups were similar and that the final mean titers were determined by the 
initial amounts of antibody as influenced by the quantity of antigen admin- 
istered. 

Initial antibody patterns of the population. Mean hemagglutination-inhibi- 
tion antibody titers and numerical distribution at each level are shown in the 
accompanying tables for the various groups prior to vaccination. Since the 
subjects were all 17 to 20 years of age, from various areas of the United 
States, and had not been previously vaccinated, the amount of antibody 
for each strain of influenza should be representative of that expected in this 
age group. Although antibody to the Swine strain of Influenza A was un- 
usual as well as low in titer, it is of interest that any at all was found. A 
considerable proportion had relatively high titers to the PR8 strain, but a 
lesser number inhibited the 1957 strain of influenza A’. This would not have 
been predicted because closely related strains of the latter virus were prev- 
alent for several years prior to the Asian epidemic. A sizeable percentage 
of the group had initial antibody to influenza A2, but titers were generally 
low. Influenza B antibody titers were quite prominent, especially with the 
1954 strain. Actually, there was more inhibition of this virus than of any of 
the other influenza strains included in this study. 


Discussion 


This study was undertaken primarily for the purpose of evaluating the 
efficacy of a new formula polyvalent influenza vaccine administered in 2 doses. 
Intervals between injections of 6, 8, and 10 weeks were selected from practical 
considerations because they spanned the maximum period of time that would 
allow vaccination just prior to the epidemic season. Shorter periods had not 
been found to cause a greater effect than that due to the total amount of. 
antigen with Asian vaccine, but it was desirable to obtain an enhanced re- 
sponse with this virus.* Smaller doses also were studied because of the pos- 
sibility that a recall response equivalent to that from larger amounts of vac- 
cine might occur following a second injection. In addition to the utilitarian 
reasons for a smaller dose was the advantage of reduced reactions to vaccine. 

Somewhat unexpected was the minimal degree of effect of the second 
inoculation regardless of dosage, time after the first injection, or amount of 
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initial antibody to the antigens contained in the vaccine. In general, under 
the conditions of this study, the antibody response appeared to be dependent 
upon the total amount of antigen administered. Accordingly, there were no 
obvious advantages to divided dosages other than a reduction in the degree 
of systemie reactions. These results suggest that the initial inoculation pro- 
duced a reeall response. This would not be surprising, since all individuals 
had some antibody to one or more strains of influenza A and B. 

The continued increase in antibody titers following the fourteenth day 
after the initial vaccination was not predicted, nor was it provided for in the 
experimental design. Accordingly, bleedings were not done after the second 
week following the last inoculation. It is possible that additional inere- 
ments in hemagglutination-inhibition antibody occurred beyond the period of 
observation. On the basis of comparison of responses at 2 weeks following the 
primary and secondary injections, however, it did not appear that any of the 
deductions were changed from those that were derived from the data ob- 
tained 6 weeks after the first vaccination. 

The adequacy of dosage, a total of 1,000 CCA units, is difficult to evaluate 
in the absence of information on protective effect and the rate of diminution 
in amount of antibody. In general, it seemed that the titers obtained were 
relatively high except for the Swine and A’ strains. Obviously, the other in- 
fluenza A strains did not produce much cross-reacting antibody to these 2 
viruses. 


Whether or not all the strains included in the vaccine were necessary is a 
question that must be answered by additional experiments.’ Providing basic 
antibody for viruses that might return could be a useful endeavor, if this 
would yield some protective effect in the absence of specific vaccination 
shortly before an epidemic. Eliminating some of these would have allowed a 
greater content of antigen related to the current strains. 


The support and cooperation extended by James 8. Fisackerly, Colonel, USAF (MC), 
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Studies on platelet life span and platelet depots 
by use of DFP” 


MARJORIE B. ZUCKER, Pu.D., ALLYN B. LEY, M.D., and 
KLAUS MAYER, M.D. New York, N. Y. 


Survival of circulating platelets was measured 17 times in 15 hwman subjects by intra- 
muscular or intravenous injection of diisopropylphosphofluoridate labeled with Ps2. If 
curves from subjects given DF P32 in saline are omitted, 13 out of 14 curves were linear 
and indicated apparent life spans of 8 to 14 days. After intramuscular injection, peak 
platelet radioactivity was noted 1 or 2 days after injection in 6 out of 8 subjects, whereas, 
after intravenous administration, the peak was reached within 10 minutes in 5 of 6 
individuals, with no evidence of sequestration of tagged platelets. Slow absorption of 
DF P32 probably accounted for the delayed peak after intramuscular injection. 


Platelet specific activity and numbers were followed in patients injected with DF P32 a 
day or more before surgery and transfusions. Platelet counts did not fall except in pa- 
tients who were adrenalectomized and had received hydrocortisone. Since transfused blood 
was over 5 days old, and since platelet specific activity usually did not fall as much as 
red cell specific activity, we interpret our results as demonstrating the presence of 
platelet depots in which platelets are labeled to a variable extent. 


Tenia (DFP, formerly called diisopropyl fluoro- 
phosphate) is a potent esterase inhibitor which becomes rapidly and irreversibly 
bound to blood cells as well as to other tissues after parenteral injection.’ If 
DFP contains radioactive phosphorus, the survival within the circulation of a 
particular type of blood cell may then be determined by measuring the disap- 
pearance rate of P** activity from that specific type of cell.’ By use of this 
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method, values have been obtained for human erythrocyte survival® *!° which 
are in good agreement with determinations made with other techniques. Leeksma 
and Cohen’ found that, in persons without hematologic disease, DF'P**-labeled 
platelets disappeared according to a linear curve, and from these curves they 
estimated platelet life span* as 8 to 9 days. This method seems particularly 
well-suited for platelet studies because, since platelets are labeled in vivo, the 
potentially damaging effects of in vitro labeling are avoided. Furthermore, even 
at in vitro concentrations of DFP** considerably higher than those resulting 
from parenteral injection, platelet function, as measured by thromboplastin 
generation and by clot retraction, is not impaired.’’ 

In this study the observations of Leeksma and Cohen’ on survival of labeled 
platelets in hematologically normal subjects were confirmed. We then investi- 
gated changes in platelet count and specifie activity, in patients whose blood 
cells were labeled with DF P* prior to surgical operations and transfusions, in 
an attempt to study the mobilization of platelets and the possible presence of 
platelet depots. 


Materials and methods 


Subjects for platelet survival studies were hospitalized or ambulatory persons with 
platelet counts between 150,000 and 440,000 per cubic millimeter and with no evidence of 
an abnormal bleeding tendency. Diagnoses are shown in Table I. Initially, DFP32 (150 to 
250 we per milligram), dissolved in either peanut oil or saline, was obtained in sterile ampules 
from the Radiobiologic Laboratory, Rijswijk, Holland, through the cooperation of Professor 
J. A. Cohen. Subsequently, DF P32 (60 to 180 we per milligram) dissolved in propylene glycol 
was procured in sterile ampules from Manning Research Laboratories, Waltham, Massachu- 
setts. With either preparation, 1 to 2.5 mg. of DFP was injected parenterally for each study. 
The material from Holland was administered slowly intramuscularly; that from the Manning 
Laboratories, intravenously, during 3 to 5 minutes. Except for mild burning sensations locally 
at the site of intravenous injection, the only adverse symptom ascribable to the DFP was 
transient lightheadedness in 2 subjects. 

In the earlier survival studies, 20 ml. blood was withdrawn on the first 2 days and the 
volume was increased daily to 100 ml. after the fifth or sixth day to compensate for the de- 
creasing radioactivity of the platelets. These large volumes of blood were found to be un- 
necessary and, in later survival experiments and in all of the surgical patients, a constant 
volume of blood (usually 15 ml.) was taken. The samples for day zero were drawn 100 to 
165 minutes after DF P32 administration. 

All glassware was siliconized. Blood was added to one-ninth volume of 2 per cent 
disodium ethylenediaminetetraacetate in 0.85 per cent sodium chloride, and was centrifuged 
at about 800 r.p.m. in a table model angle centrifuge for 5 to 7 minutes, or until the super- 
natant platelet-rich plasma was no longer tinged with red. The platelet-rich plasma was 
pipetted off and centrifuged for 10 minutes at 17,000g in a refrigerated centrifuge with 
multispeed head. Plasma was decanted. The platelet button was resuspended in about 4 
ml. of unchilled isotonic saline. Centrifugation and resuspension were repeated twice. 
The third wash had negligible radioactivity. Finally, the platelet button was suspended 
in 1 ml. saline and centrifuged slowly for 30 seconds to sediment platelet clumps and 
most residual red and white cells. The supernatant was removed and set aside; the 
sedimented clumps were resuspended again in 1 ml., and the process was repeated 2 or 3 
times. The number of platelets in the pooled supernatants was counted18 in duplicate. In 
some experiments red or white cell counts were also made. There were usually less than 


*The terms life span and survival will be used interchangeably. It is recognized that the 
method actually measures the time platelets spend within the circulation. 
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Table II. Effect of surgical operations and transfusions on platelet count 


and 











No. 
| Ideal | wnits | No. preop- Route 
| blood | blood \erative days of Control : 
Patient | volume | trans- | DF P32 was | adminis- hematocrit mena ~~ 

No. | Operations | (ml.) | fused given tration (%) Hematocrit 1 
16 Resection of mandi- 

ble and neck dis- 

section 5,440 6 1 I. M. 46 1.00 
17 Laryngectomy and 

neck dissection 4,530 4 ] L.. ¥. 44 
18 Esophagectomy 5,250 + 1 a 2 46 1.06 
19 Laryngectomy and 

neck dissection 4,390 4 1 Es Ws 43 
20 Exploratory thora- 

cotomy 6,290 4 3 r. ¥. 38.5 1.09 
21 Bilateral adrenal- 

ectomy 3,490 2 ] i? * 39 1.02 
22 Esophagectomy 5,000 2 7 ZY. 41.5 1.08 
2: Partial glossectomy 

_and neck dissec- 

tion 4,220 15 1 a We 51 1.02 
24 Reconstruction 

esophagus 3,290 1 2 a Ve 41.5 1.04 
25 Bilateral adrenalec- 

tomy 4,300 1 1 a 45 0.98 
26 Bilateral adrenaleec- 4,370 1 1 I. V. 41 0.93 

tomy 
27 Neck dissection 5,060 0 1 7. ¥. 44 0.92 








*Sample 1 was drawn immediately before operation, Sample 2 within an hour after the end 


+Poor check of postoperative determinations. 


one red or white cell per thousand platelets, although rarely as many as 8 were present. 
Their contributions to the radioactivity of the samples were negligible. The volume of super- 
natant was measured and the total number of platelets was calculated. 

The supernatant was then centrifuged rapidly, most of the saline was removed, and 
the tube, containing a known number of packed platelets, was stoppered and refrigerated. 
The yield of platelets varied considerably among individuals: in one it was always below 30 
per cent, in another it was always above 50 per cent. Within a few days the platelets were 
smoothly resuspended and quantitatively transferred with the aid of two 0.2 ml. aliquots of 
isotonic saline to an aluminum planchet, 24 mm. in diameter, containing a circle of lens 
paper. After drying at room temperature or under an infrared bulb, the contents of the 
planchet were lightly sprayed with plastic in preparation for radioactivity determinations. In 
one experiment, 0.1 ml. 30 per cent sodium hydroxide was placed in the planchets before 
drying the platelets in order to hydrolyze any free DFP to the nonvolatile diisopropylphos- 
phate. In 3 experiments, the number of washed platelets was not counted. Instead, the number 
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Number 3 


























and§ platelet and red cell specific activity (SA) of patients injected with DFP* 
Control 
: ; platelet 
ret 2 Hematocrit 3 count Platelet 2|\Platelet 5} Platelet SA2\ Platelet SA3\Red cell SA2\ Red cell-SA3 
rit1 | Hematocrit 1| 103/mm.3 | Platelet 1|Platelet 1|Platelet SA1| Platelet SA1|Red cell SA1|Red cell SA1 
0.83 268 0.96 0.82 0.93 0.74 0.42 
1.07 255 0.87 0.57 0.62 
) 1.04 260 EB | 0.80 0.63 0.68 0.66 0.64 
0.95 280 1.18 0.86 0.67 
603 0.96 0.82 0.88 0.62 0.56 
0.85 337 0.65 0.82 1.33 1.29 0.63 0.63 ¢ 
: 204 1.14 0.77 0.78 0.63 
240 0.89 0.83 0.97 0.81 
522 0.96 0.54 0.83 
0.80 292 0.94 0.91 
0.90 500 0.78 0.71 0.79t 1.02 0.79 0.81 
0.46 
0.91 425 1.38 1.03 0.97 0.97 1.05 
> end of operation, and Sample 3 on the day following operation. 








of platelets in a measured volume of platelet-rich plasma was determined, and these platelets 
were subsequently washed. In these experiments specific activity was thus determined on the 
basis of the initial number of platelets washed rather than on the final number of washed 
platelets. 

Radioactivity of the planchets was determined in duplicate or triplicate in a thin window 
gas flow counter.* Samples were counted in duplicate or triplicate for a minimum 1,000 
counts, with a background of 18 counts per minute. Counts generally varied from 2 to 5 
times background, although occasional samples toward the end of a study fell below this 
range. 

In studies of the surgical patients, 12 patients over 50 years of age were injected with 
DFP32 one day, or, in 3 instances (Table II), a longer time prior to operation. Eight were 
undergoing radical surgery for metastatic cancer; one (No. 24) was having esophageal re- 
construction, having had radical surgery 4 years earlier without recurrence of carcinoma; and 


*Model No. C-110 B, Nuclear-Chicago, Des Plaines, IIl. 
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Fig. 1. Representative curves of disappearance of platelet radioactivity after injection of 
DF P32 into human subjects. Dotted line for No. 7 represents platelets treated with sodium hy- 
droxide before drying. 


3 (Nos. 21, 25, 26) were undergoing bilateral adrenalectomy for palliation of metastatic 


breast carcinoma. Immediately before the operation, at the end of the operation, and/or on 
the following day, duplicate 15 ml. blood samples were obtained for determination of red 
cell and platelet P32 specific activity, hematocrit, and platelet count. In 6 patients, determina- 
tions were continued for about a week. During surgery, patients received up to 6 units (500 
ml. each) of bank blood, which had been drawn at least 5 days before into glass bottles con- 
taining the standard acid citrate dextrose solution. 


Results 


In order to determine the reproducibility of the method the specifie activity 
of 21 samples was determined in duplicate on 2 separate 15 ml. blood samples 
from the same syringe. The difference of either sample from the average specific 
activity of the two averaged 7 per cent, with a standard deviation of 5.2 per 
cent. In only one pair was the difference greater than 13 per cent. 

Platelet survival studies. As shown in Table I and Fig. 1, 13 of 17 survival 
curves showed an apparently linear disappearance of platelet radioactivity. In 
2 of the 3 determinations in which platelets were counted before washing, points 
were more scattered than in the remaining experiments, in which platelets were 
counted after washing. Extrapolation of the linear curves to zero radioactivity 
gave platelet survival times of 8 to 14 days. Two determinations on one subject 
(No. 7), made 21 months apart, gave values of 8 and 9 days. 

Four curves were nonlinear. Three of these were obtained after DFP* dis- 
solved in saline solution was injected intramuscularly. Since DFP is known to 
be easily hydrolyzed, it appears probable that the DFP was altered before or 
after injection and that the curves measured elution of a compound containing 
P* rather than the disappearance of DFP*?-tagged platelets. The fourth non- 
linear curve (Patient No. 15) was the only platelet survival study carried out 
with that shipment of DFP**. While it is possible that this batch was defective, 
in vitro studies’’ showed that esterase inhibitory activity was the same as it was 
for other batches of DF P*’, and we have no clear explanation for this difference. 
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Of 8 subjects receiving DFP** by the intramuscular route, highest platelet 
specific activity was found on day zero in only 2 (Nos. 4 and 8). In contrast, 
when DFP* was given intravenously, maximum activity was observed on day 
zero in 5 of 6 individuals. In these 5 subjects, platelet specific activity was meas- 
ured 5 to 10 minutes, 30 to 60 minutes, and 4 hours after intravenous injections 
were completed. The 3 measurements were reasonably close and showed no con- 
sistent pattern of variation. 

Studies on platelet mobilization. Patients studied before and after surgery 
are listed in Table II in order of decreasing numbers of blood transfusions re- 
ceived. Changes in red cell specific activity were, in general, proportional to the 
amount of blood administered. Hematocrits showed little change on the day of 
operation but fell on the day after surgery in Patients Nos. 16, 21, and 25. 

On the day of surgery there was little change in platelet count except in 
Patients Nos. 21 and 26, whose counts fell considerably, and in Patient No. 27, 
in whom a rise occurred. On the day following surgery, a fall was observed in 
9 out of 11 patients and the platelet count averaged 87 per cent of the control 
value. The falls observed did not appear related to the amount of blood trans- 
fused. Compared to the preoperative value, platelet specifie activity immediately 
after surgery was higher in Patient No. 21, showed an insignificant decrease in 
4 patients, and fell in 3 others. 

Platelet counts and specific activity were followed for several days post- 
operatively in 6 patients (Fig. 2). Beeause of the irregularities in the counts 
and because of the substantial rises in counts in Patients Nos. 18 and 19 during 
the postoperative period, the data have also been expressed in terms of radio- 
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Fig. 2. Effect of surgery and transfusions on specific activity of washed platelets (@—@), 
platelet radioactivity per milliliter of blood (A——A), and whole blood platelet count 
(O---O). DFP32 injected intravenously on day zero. Arrow indicates operation; each box 
above arrow indicates one 500 ml. transfusion. 
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activity per milliliter of whole blood rather than per billion platelets. This 
should more accurately reflect the disappearance of tagged platelets. When this 
is done, at least some of the curves (Patients Nos. 17, 18, 19) appear nonlinear; 
the data do not appear adequate for analysis in the remainder. 


Discussion 


Survival studies. Using the DFP**? method, Leeksma and Cohen’ and Polly- 
cove and co-workers’® obtained linear curves of platelet survival indicating life 
spans of 8 to 10 and 8 to 14 days, respectively. Aas and Gardner’ tagged plate- 
lets in vitro with Cr*! and followed the disappearance of the platelet-Cr®’ ac- 
tivity after transfusion of the tagged platelets in normal recipients. They inter- 
preted their data to show linear survival of platelets with life spans of 9 to 11 
days. Odell and Anderson,”° studying 2 patients whose platelets were tagged 
in vivo with radioactive sulfate, concluded that platelet survival in human beings 
follows a linear pattern with an end point of slightly less than 11 days. The 
possibility of some random loss could not be entirely excluded, however. On the 
other hand, Adelson and associates”! observed nonlinear disappearance of plate- 
lets labeled in vivo with P*. 

If the studies with DF P** dissolved in saline are excluded, 13 of 14 curves 
of platelet survival appeared linear and, when extrapolated, indicate a survival 
time in the circulation of 8 to 14 days. These data suggest that platelet disap- 
pearance is related to platelet age and is not a random process. It is conceivable, 
however, that the apparent linearity is the resultant of an exponential disap- 
pearance of platelets from the circulation, complicated by the release into the 
circulation of tagged platelets from the marrow or other depots (see below). 

Megakaryocytes contain esterases which, presumably, like platelet esterases, 
are capable of binding DFP." *? In Patient No. 11, specifie activity of nucleated 
cells aspirated from the bone marrow one day after intravenous DFP* injection 
was 69 per cent as high as specific activity of circulating leukocytes. Since eir- 
culating leukocytes probably do not re-enter the marrow in appreciable num- 
bers, it would appear than DFP* labels marrow precursors, presumably in- 
cluding megakaryocytes. It is rather surprising, therefore, that platelet life 
span, as measured with DFP*, is no longer than that determined by reinjection 
of platelets tagged in vitro with radioactive sodium chromate.’® 

According to Cohen and his co-workers,® * maximal P** activity in blood 
was reached 90 minutes after intramuscular injection of DFP* in oil, and 
highest specifie activity of platelets was observed on the day of injection.’ Van 
Rood and colleagues’ observed great irregularity in platelet specific activity 
for 2 days after intramuscular DFP** administration. In our studies in which 
DFP* was injected in the same manner highest specific activity often was not 
attained until the day following injection or even later. In contrast, after intra- 
venous administration of DFP**, peak platelet activity was found on day of 
injection in 5 out of 6 subjects, with no evidence of the temporary sequestration 
which is observed after in vitro labeling with radioactive sodium chromate.’ *° 
It seems most likely that the delay in reaching maximum platelet activity after 
intramuscular DFP* injection is the consequence of slow absorption of DFP* 
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from the injection site rather than of release of tagged platelets from mega- 
karyocytes labeled with DFP*? because, if the latter were the case, one would 
have to make the unlikely assumption that the megakaryocytes were more 
strongly labeled than circulating platelets, even though the latter had access 
to the DFP first. ; 

Studies on surgical patients. Platelet counts and specific activities were 
studied before and after surgical operations associated with transfusions. Im- 
mediately after operation, there was little change in platelet count except in 
Patients Nos. 21 and 26. Changes in hematocrit were ‘negligible and it is as- 
sumed that no platelets were contributed by the transfused blood, all of which 
was over 5 days old.** Changes in platelet count, therefore, should have paral- 
leled changes in red cell specifie activity. This was clearly not the case except 
for Patients Nos. 21 and 26. Thus, in all but these 2 patients, platelets must 
have entered the circulation. Further evidence that these additional platelets 
were not derived from the transfused blood is obtained from data on platelet 
specifie activity. If the transfused blood were contributing viable platelets, the 
platelet specific activity should fall as much as red eell specifie activity. Platelet 
specific activity was measured immediately postoperatively in 7 patients who 
received transfusions. Compared to values obtained just before surgery, specific 
activity did not change in 2 patients (Nos. 16 and 23), rose in one (No. 21*), 
and fell slightly in one (No. 20). In one patient (No. 22), the fall in platelet 
specific activity was less than the drop in red cell specific activity; in one (No. 
18) it was equal, and in one (No. 24) it was greater. Thus, in 4 out of 7 pa- 
tients, platelet specific activity measurements demonstrated that transfused 
platelets did not cireulate. Furthermore, transfused platelets would surely have 
disappeared by the day following surgery, yet the fall in platelet count on the 
day after operation was not striking and did not equal the decrease in red cell 
specifie activity. 

In most patients, therefore, platelets must have entered the cireulation from 
sourees within the body. If we assume that the patients had an ideal blood 
volume”® prior to surgery, and that there was no appreciable change in blood 
volume during surgery, we can arrive at a very rough estimate of the number 
of platelets contributed by using the following equation: 

(BV) (C,) — (volume blood transfused) (C,) + X = (BV) (C:,), 
where C, and C, are the number of platelets per milliliter blood before and after 
surgery, and volumes are in milliliters. The caleulated number of platelets con- 
tributed (X) varied from none to 10.8 x 10'', or from —6 to 63 per cent of the 
estimated initial number of platelets in the circulation. 

According to Mustard, patients who received no transfusion showed an 
average rise of 13 per cent in platelet count immediately after operation”® and 
30 of 62 patients receiving up to 6 transfusions of bank blood showed no fall 
in count.?’ Therefore, his data suggest that platelets enter the circulation during 
surgical intervention. On the other hand, Warren and his co-workers,”* 7° study- 
ing patients who received 4 or fewer transfusions, observed a decrease of 30 

*Unlike most of the surgical subjects, this patient received DFP* by the intramuscular 


route. Consequently increase in platelet specific aetivity was probably not related to 
surgery or transfusions. 
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to 40 per cent in the platelet count 2 or 3 hours after surgery began and per- 
sisting for 3 days. It is not clear why these workers observed a much greater 
fall in platelet count than did we or Mustard. When more than 8 transfusions 
are given, thrombocytopenia was observed by Krevans and Jackson,*® Desforges 
and eo-workers,*! and Zucker and colleagues.** This is probably attributable to 
loss of cireulating platelets through hemorrhage, nonviability of platelets in the 
transfused banked blood, and exhaustion of limited platelet depots. In addition, 
a thrombocytopenic effect of transfused blood? may be contributory. According 
to Seott and Crosby,** however, thrombocytopenia rarely occurred in wounded 
but otherwise healthy young men, even after 20 transfusions, suggesting that 
these subjects had larger platelet depots than hospitalized or chronically bleed- 
ing individuals. 

In dogs, there is excellent evidence for the existence of platelet depots. 
When Craddock and associates** produced thrombocytopenia by bleeding and 
reinfusing blood from which platelets and white cells were removed, it was 
necessary to remove about twice the number of platelets initially present in 
the cireulation before obtaining a sustained thrombocytopenia.** Matter and 
co-workers,** however, using similar techniques, failed to find evidence of platelet 
depots in rats. Perhaps there is a species difference. In man, our data indicate 
the presence of significant numbers of available platelets in many subjects. 
They do not indicate the locus of the platelet depot. In most of our experiments, 
the platelets which entered the circulation were labeled with DFP**, and the 
depot presumably consists either of platelets sequestered within the circulation 
or of platelets which can rapidly be released from DF P*?-tagged megakaryocytes. 

Patients Nos. 21 and 26 offer an interesting contrast to the other subjects 
because they are the only patients in whom the platelet counts fell as much as 
red cell specifie activity. Both of these patients underwent bilateral adrenalec- 
tomy and received infusions of hydrocortisone during surgery. Warren and 
co-workers** have shown that infusions of ACTH or cortisone reduce platelet 
counts. On the other hand, Patient No. 25 underwent bilateral adrenalectomy 
and hydrocortisone infusion without fall in platelet count. 

The platelet survival curves of postoperative patients cannot be clearly 
interpreted. Patients Nos. 17 and 20 showed rapid decrease in radioactivity and 
an apparently shortened survival. The remaining curves are compatible with the 
existence of an unaltered platelet survival after massive surgery but might also 
be explained by a combination of shortened survival and continuing entry of 
tagged platelets into the circulation. This uncertainty can perhaps be resolved 
if studies are made with platelets labeled in vitro rather than in vivo as with 
DFP*. 


We gratefully acknowledge the technical assistance of Mavis Clarke and Donna Van 
Tassel. 
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Erythrocyte enzymes and reduced glutathione (GSH) in 
hemoglobin H disease: Relation to cell age and 


denaturation of hemoglobin H 


DEMETRIOS A. RIGAS, PuH.D., and ROBERT D. KOLER, M.D. 
Portland, Ore. 
WITH THE TECHNICAL ASSISTANCE OF DONALD R. MALM and KATHERINE SWISHER 


Enzymatic assays of glucose-6-phosphate dehydrogenase, methemoglobin reductases, and 
catalase were performed on uncentrifuged erythrocytes and erythrocytes fractionated 
according to age by ultracentrifugation of blood from 2 patients with hemoglobin H 
disease, several normal subjects, and a G-6-PD deficient subject. The erythrocyte GSH 
stability was similarly investigated. No deficiency of these enzymes and no GSH 
instability was observed in the hemoglobin H erythrocytes. The erythrocyte enzyme 
content was found to decrease with cell age. A higher than normal enzyme content was 
observed in hemoglobin H erythrocytes, which reflects their younger age. In contrast 
to the normal, the GSH content was found to decrease with cell age in hemoglobin H 
disease, although it retained its stability when incubated with acetylphenylhydrazine. 
The significance of these findings in relation to prevention of oxidative denaturation of 
hemoglobin H is discussed. It is suggested that the abnormal structure of hemoglobin 
H necessitates higher levels of these stabilizing factors to maintain it in the ferrohemo- 
globin state, and that a critically low enzyme level is reached at a cell age of 40 to 45 
days. At this age, rapid oxidatiwwe denaturation of hemoglobin H and elimination of 
the erythrocytes by the spleen occur, which explain the shortened -erythrocyte finite 
life span prior to splenectomy im this disease. 


‘te shortened erythrocyte life span previously observed in hemoglobin H 
disease’ has been attributed to the following: (1) the denaturation and irrevers- 
ible precipitation of hemoglobin H, which lead to the pronounced decrease of 
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the finite life span (potential cell life) of the erythrocytes, and (2) the low 
solubility of deoxygenated hemoglobin H, which results in reversible precipita- 
tion in the capillary circulation and random destruction of the erythrocytes.” 
The absence of denatured hemoglobin H from young erythrocytes indicates the 
existence of a protective mechanism which minimizes denaturation. As oxidation 
of hemoglobin H to methemoglobin greatly accelerates its denaturation,’ it 
appears probable that erythrocyte enzyme systems which normally prevent 
such oxidation** protect this hemoglobin from denaturation in young cells. 


Table I. Results of erythrocyte enzyme assays expressed per 10° erythrocytes 





Subjects 

















G-6-PD 
Sample No. 10 No. 7 deficient Normal 

Glucose-6-P dehydrogenase, 4, O. D.* 
Uncentrifuged R.B.C. 9.58 12.80 0.21 4.11 t 0.24, n = Ot 
Ultracentrifuged R.B.C., top 

layer 11.30 18.20 0.29 5.72 
Ultracentrifuged R.B.C., mid- 

dle layer 8.84 12.90 0.08 4.41 
Ultracentrifuged R.B.C., bot- 

tom layer 6.33 7.40 0.08 4.17 
DPNH de pe ndent methemoglobin reductase, A, O. D. 
Uncentrifuged R.B.C. 0.412 0.155 + 0.012, n = 9 
Ultracentrifuged R.B.C., top 

layer 0.590 0.203 
Ultracentrifuged R.B.C., 

middle layer 0.471 0.208 
Ultracentrifuged R.B.C., 

bottom layer 0.363 0.147 
TPNH dependent methemoglobin reductase, A, O. D. 
Uncentrifuged R.B.C. 0.722 1.669 0.394 + 0.037, n = 9 
Ultracentrifuged R.B.C., top 

layer 1.025 1.886 0.548 
Ultracentrifuged R.B.C., 

middle layer 0.868 1.496 0.490 
Ultracentrifuged R.B.C., 

bottom layer 0.679 1,194 0.355 
Catalase, k 
Uncentrifuged R.B.C. 11.3 511.7 05 +14, a= 3 
Ultracentrifuged R.B.C., top 

layer 16.8 514.2 10.22 + 05, n = 3 
Ultracentrifuged R.B.C., 

middle layer 10.6 510.2 9.23 + 0.5, n = 3 
Ultracentrifuged R.B.C., 

bottom layer 12.4;12.1 949+ 1lin»—3 

*A1io O. D. = the change in optical density over the first 10 minutes of the reaction. 


Mean + its standard error; n is the number of determinations. 
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This report presents evidence of a marked decrease in such enzymes with 
erythrocyte age in hemoglobin H disease and suggests that a critically low 
level, insufficient to prevent oxidation and concomitant denaturation of hemo- 
globin H, is reached at an early eell age. 


Materials and methods 


Blood samples were obtained by venipuncture from 2 patients with hemoglobin H 
disease, 1 patient with glucose-6-phosphate dehydrogenase (G-6-PD) deficiency, and a number 
of normal subjects. Heparin was used as an anticoagulant. Fractionation of the erythrocytes 
according to cell age was done by ultracentrifugation,’ the packed erythrocyte column being 
divided into 3 equal layers: top, middle, and bottom. The erythrocytes from each of the 3 
layers were reconstituted with plasma from the same sample to the original hematocrit as 
determined by the method of McGovern and co-workers.9 Erythrocyte counts on the recon- 
stituted layers and the original blood specimens were made with a hemocytometer. Enzyme 
and GSH stability determinations were made on each layer and on the unfractionated blood 
sample. The GSH and glutathione stability determinations were performed in duplicate 
on 1 ml. aliquots by Beutler’s method.1° Results were expressed in milligrams of GSH per 1012 
erythrocytes. In another series of 0.5 ml. aliquots the erythrocytes were centrifuged, washed 
twice, and suspended in 0.14 M NaCl. Following the erythrocyte counts and elimination of 
the saline by centrifugation, the erythrocytes were hemolyzed by diluting to a known volume 
with deionized water (about 10 times the volume of the cells) and the stroma were removed 
by high speed centrifugation. Each milliliter of hemolysate represented 300 to 500 million 
erythrocytes. G-6-PD was determined according to the method of Kornberg and Horecker?1 
on 0.020 ml. aliquots of these hemolysates; the results were expressed as the change in 
optical density which occurred in 10 minutes (A, O. D.) per 109 erythrocytes at 340 mu. 
Aliquots of 0.200 ml. were used to determine the TPNH (reduced triphosphopyridine 
nucleotide) -dependent methemoglobin reductase by the method of Huennekins and associates!2 
and the DPNH (reduced diphosphopyridine nucleotide) -dependent methemoglobin reductase.1% 
The reductase activity was expressed as the A, O. D. per 109 erythrocytes at 340 mu. 
An excess of substrates was used in assaying these 3 enzymes to obtain a linear change of 
optical density during the assay. Catalase was determined on 0.080 ml. aliquotes by titra- 
tion with titanium sulfate,14 following elimination of the hemoglobin by paper electrophoresis 
in Veronal buffer of pH 8.6, ionic strength 0.05, using the Spinco Model R apparatus. Under 
these conditions catalase was found to migrate well behind the hemoglobin A band in hemoly- 
sates of both normal and hemoglobin H erythrocytes. Normal erythrocyte catalase was 
found to behave similarly with starch gel electrophoresis.15 The catalase was eluted from 
the paper with water and titrated. The velocity constant, k, was determined by plotting the 
optical density on semilogarithmic paper against time in minutes (K = 0.693/T,,, where T,, 
is the time required for the optical density to fall to half its zero time value) and expressed 
in terms of 109 erythrocytes. A Beckman DU spectrophotometer was used in these studies. 


Results 


The 2 hemoglobin H patients who have been studied here are members of 
the family in which hemoglobin H was originally discovered.** The genetics 
of this family are discussed in detail elsewhere.’’ Fig. 1 is the genetic diagram 
of this family. Members of this family who have no detectable amount of 
hemoglobin H and no definite evidence of hereditary leptocytosis are designated 
as normal, although they were not available for enzyme studies. Subjects 7 
and 10 had been splenectomized more than a year prior to the enzyme assays. 
At the time of these studies Subject 7 had a hemoglobin level of 12 Gm. per 
100 ml. of blood and a reticulocyte count of 5.5 per cent. Subject 10 had 10.5 
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Fig. 1. Genetic diagram of the family with hemoglobin H. Members termed ‘‘ anemia’’ show 
definite signs of hereditary leptocytosis trait with normal amounts of hemoglobin A,. Mem- 
bers having ‘‘hemoglobin H’’ are thought to be heterozygous for hereditary leptocytosis and 
for another nonallelie genetic defect, both of which are necessary for the appearance of 
hemoglobin H. Member 2, although designated ‘‘normal,’’ has minimal hypochromia and 
microcytosis; he probably is the carrier of hereditary leptocytosis. 


Gm. of hemoglobin per 100 ml. of blood and 4.5 per cent reticulocytes. All the 
reticulocytes invariably were found in the top layer following ultracentrifuga- 
tion. The results of the erythrocyte enzyme assays on these patients (Subjects 
7 and 10) are presented in Table I. Values obtained on several normal subjects 
and a G-6-PD deficient subject are also shown for comparison. It can be seen 
that the erythrocytes of patients with hemoglobin H disease contain 2 to 3 times 
more G-6-PD and methemoglobin reductases than normal erythrocytes that 
have been similarly processed. The results also demonstrate the progressive 
decrease of these enzymes with the aging of both normal and hemoglobin H 
erythrocytes. The decrease in G-6-PD and in DPNH-dependent methemoglobin 
reductase is more pronounced in the patients with hemoglobin H. disease than 
in the normal subjects as judged by the higher ratios of the top to bottom layer 


Table II. Results of the GSH stability test 














Subject with G-6-PD 
Subject 10 deficiency Normal subjects 
_o . Incubated Incubated Incubated 
with with with 
Sample Untreated APH | Untreated APH Untreated APH 
GSH mg./1012 R.B.C, 
Uncentrifuged 
R.B.C. 36 + 2* 37+3 12 2 34+2 33 +1 
Ultracentrifuged 
R.B.C. 
Top layer 49+5 2+3 13 1 38+5 3178 
Middle layer 27+4 25 +2 14 1 38+5 32+6 
Bottom layer 22+1 16+4 12 1 30+ 6 25 +8 





*Mean + its standard error, calculated from 3 determinations on Subject 10 and 22 deter- 
minations on normal subjects. 
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values obtained in Subjects 10 and 7. The values of G-6-PD obtained for the 
subject with the G-6-PD deficiency are 20 to 50 times lower than those obtained 
for the normal subjects and indicate an abrupt decrease at a very early cell age. 
No statistically significant difference was observed in the catalase content be- 
tween normal and hemoglobin H erythrocytes. The catalase content of erythro- 
eytes from the middle layer of ultracentrifuged samples was found to be 
definitely lower than that of the top but not significantly different from that 
of the bottom layer. 

The GSH levels and the results of the GSH stability test are shown in 
Table II. Hemoglobin H erythrocytes not subjected to centrifugation were 
found to contain normal amounts of GSH. Ineubation with acetylphenyl- 
hydrazine (APH) does not affect the level of GSH of either normal or hemo- 
globin H erythrocytes. However, in contrast to normal subjects, a marked 
decrease in GSH content with cell age was observed in hemoglobin H erythro- 
eytes. Both normal and hemoglobin H erythrocytes retain their ability to 
maintain the level of GSH upon incubation with APH as they age. The 
erythrocytes of the G-6-PD deficient subject exhibited very low GSH levels, 
almost complete loss of ability to maintain these levels when ineubated with 
APH, and no detectable change with cell age. 


Discussion 


Methemoglobin formation occurs normally in erythrocytes'* but its aceumu- 
lation is prevented by several enzyme systems. Such protection is provided 
by the glutathione peroxidase system, which prevents methemoglobin formation 
by destroying hydrogen peroxide and forming oxidized glutathione (GSSG).°: ° 


GSH _ peroxidase 
2 GSH + H,O, > GSSG + 2 H,O. 





GSH is regenerated by the DPNH- or TPNH -dependent glutathione re- 
ductase(s) .7* 1% 7° 





DPNH GSSG reductase(s) DPN* 
GSSG + or + Ht > 2 GSH + or 
TPNH y is oi a 


The oxidized pyridine nucleotides are reduced by the DPN*-linked glyceralde- 
hyde-3-phosphate dehydrogenase (G-3-PD) and the oxidation of malate to 
oxaloacetate in the glycolytic pathway and by the TPN*-linked G-6-PD and 
6-phosphogluconate dehydrogenase (6-PGD) of the hexose monophosphate shunt. 


G-3-PD 
Glyceraldehyde-3-phosphate + P,; + DPN*+ —————— 1, 3-diphosphoglycerate + DPNH + H*. 


Malate + DPN+ ———————> oxaloacetate + DPNH + H*. 


G-6-PD 
Glucose-6-phosphate + TPN*t = > 6-phosphogluconate + TPNH + H*. 








6-PGD 
6-phosphogluconate + TPN* = > ribulose-5-phosphate + CO, + TPNH + H*. 
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Catalase has also been shown to exert a similar protection by destroying 
H,0.,® 7" although this function of catalase had been previously questioned by 
Keilin and Hartree.**? Reduced glutathione also is thought to reduce met- 
hemoglobin nonenzymiecally.* **-*5 


[Hb*++], + 4 GSH —_————> [Hb**], + 2 GSSG + 4 H*. 


In addition, the DPNH- and TPNH-dependent methemoglobin reduc- 
tases?* 2% 27 efficiently reduce methemoglobin as it is formed in the erythrocyte. 





DPNH methemoglobin reductase DPN*t 
[Hb*++], + 2 or >[Hb*+], + 2 or + 2H*. 
TPNH TPN* 


However, the TPNH-linked methemoglobin and glutathione reductases ap- 
parently are of secondary importance under physiologic conditions, as the 
hexose monophosphate shunt on which they depend for regeneration of TPNH is 
relatively inactive in the erythrocyte.’ Prevention of methemoglobin formation 
thus depends heavily on the glycolysis of the erythrocyte. A decrease with 
cell age of G-6-PD,?* *° methemoglobin reductases,?® *° and other important 
enzymes and coenzymes of the glycolytic pathway*® ** ** has been previously 
demonstrated in normal erythrocytes. Our results show a pronounced decrease 
in such enzymes in hemoglobin H erythrocytes also. Thus the accumulation of 
methemoglobin which, in normal human erythrocytes, begins at a cell age of 
40 to 45 days,** is probably due to the decrease of these enzymes. The denatura- 
tion of hemoglobin H, which also occurs at a cell age of 40 to 45 days,’ is 
not due to a deficiency of these enzymes, as hemoglobin H erythrocytes are 
richer than normal in such enzymes. The higher enzyme content of hemoglobin 
H erythrocytes is explainable on the basis of their younger age. That there 
probably is no deficiency in the glutathione peroxidase-reductase system and 
in other pertinent enzymes of the glycolytic pathway is indicated by the 
stability of GSH which constitutes a measure of the combined activity of all 
of them. The GSH instability which was recently observed in 2 cases of 
hemoglobin H disease has been attributed to a coincidental and unrelated 
genetic defect.** ** However, hemoglobin H erythrocytes show a pronounced 
decrease of the GSH content with cell age, in contrast to our findings in normal 
subjects which, in agreement with Prankerd,** show no such change. This is 
explainable by the higher susceptibility of hemoglobin H to oxidation® which 
imposes a higher demand for GSH to maintain it in the ferrohemoglobin state. 
The oxidation and denaturation of hemoglobin H, which results in rapid 
destruction of the erythrocyte by the spleen,” thus is due not to abnormally low 
levels of the protective enzymes, but to the abnormal structure of this hemo- 
globin, which necessitates higher levels for its protection. A critically low 
level of these protective factors, insufficient to prevent oxidative denaturation 
of hemoglobin H, probably is reached at a cell age of 40 to 45 days, and 


explains the decreased finite life span of these erythrocytes prior to splenec- 
tomy. 
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Studies on tryptophan metabolism. |. Urinary tryptophan 
metabolites in hypoplastic anemias and other 


hematologic disorders 


HARVEY S. MARVER, M.D. Chicago, Ill. 


Utilizing paper chromatography, Altman and Miller have suggested that patients with 
‘“pure red cell anemia’’ have a defect in tryptophan-kynurenine metabolism. 

Column and paper chromatographic analyses of urine samples from patients with this dis- 
order have revealed an elevated excretion of a number of tryptophan-nicotinic acid 
metabolites after tryptophan loading. The mother of one of these patients has a similar 
abnormality. These studies are compared with the excretion of urinary tryptophan 
metabolites by normal subjects and by patients with various hematologic disorders. A 
number of patients in the latter group were found to have elevations of one or more 
of the urinary tryptophan metabolites studied. 


Studies of one patient with hemochromatosis have failed to reveal any marked change of 
tryptophan metabolism in this condition. 


{« principal oxidative in vivo pathway of the essential amino acid, 
tryptophan—the tryptophan-kynurenine—niacin pathway'—has been extensively 
studied and its stepwise progression appears to be well established (Fig. 1). * 
A variety of important factors has been implicated in the proper functioning of 
this pathway, among which are 4 of the B-vitamins (B,, B., Bs, and niacin) .** 
Insulin and the corticosteroids are also known to influence it,” '° and the ferrous 
ion and a sulfhydryl enzyme appear to be essential.*' Of paramount importance 
is pyridoxal phosphate, which Braunstein’? has ealled ‘‘the basis of nitrogen 
metabolism,’’ and which is involved at a number of the steps. With the develop- 
ment of improved analytical methods, this pathway offers an opportunity for 
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the evaluation of a number of factors of general biologie significance in 
addition to the stepwise study of the oxidation of the indole nucleus of trypto- 
phan. 


During recent years a number of studies have demonstrated the elevated 
exeretion of certain urinary tryptophan metabolites in various conditions in- 
cluding pregnancy,’ bladder careinoma,'* '° leukemia,'® lymphoma,’* and col- 
lagen diseases.'*: 'S Price'® has termed these ‘‘disorders of tryptophan metabo- 
lism,’’ and Dalgliesh and Tekman’® have attributed some of them to the fever 
associated with the disorder. Of particular interest has been the work of Altman 
and Miller?® who report an elevated urinary excretion of anthranilie acid in a 
number of children with an unusual congenital anemia referred to as ‘‘erythro- 
genesis imperfecta,’’*' ‘‘congenital hypoplastic anemia,’’*? ‘‘pure red cell 
anemia,’’** and ‘‘chronie congenital aregenerative anemia.’’** 

The purpose of our investigations was the study of the tryptophan-niacin 
pathway in patients with aplastic anemia, particularly those with erythrogenesis 
imperfecta, and the further evaluation of these results in the light of studies of 
other hematologic disorders. Also included was an investigation of such genetic 
relationships occurring in erythrogenesis imperfecta as might be reflected by 
urinary tryptophan metabolites. 


Materials and methods 


Studies in human subjects. This study was carried out on 39 apparently normal subjects 
without history of gastrointestinal or renal disease. They ranged in age from 5 to 62 years 
and included 11 women and 28 men. Patients with a variety of confirmed hematologic dis- 
orders were also studied and the results reported herein are limited to those patients with 
oral temperatures below 37.5° C. 

Twenty-four hour urine specimens were collected in bottles containing 20 to 30 ml. of 
glacial acetic acid and 10 ml. of toluene; the urine was refrigerated after collection. When- 
ever possible, 2 consecutive 24 hour collections were made, the first being a base-line collection 
and the second being made after the ingestion of 2 Gm. of L-tryptophan in 0.5 Gm. gelatine 
capsules. When only 24 hour collection was possible, the latter was selected. No dietary in- 
structions, except a restricted intake of fat, liver, and nuts, were given to the subjects studied. 

Column chromatographic studies. Modified methods of Brown and Price?5, 26 were used 
for the determination of anthranilic acid (AA) and its conjugates anthranilic acid glu- 
curonide (AAG), ortho-aminohippurie acid (o-AHA), acetylkynurenine (Ac.KYN), kynure- 
nine (KYN), and hydroxykynurenine (OH-KYN). Because the OH-KYN standard was not 
available at the beginning of our experiments, a number of the earlier urine specimens studied 
were not analyzed for this metabolite. 

The fractions were collected with the use of controlled negative pressure in a series of 
filter flasks attached by a manifold to a vacuum pump. The chromatographic columns were 
attached to these flasks with Tygon* tubing and the flow controlled by screw clamps to a 
rate of 1 to 1.5 ml. per minute. Dowex-50 W resin was found to give results comparable to 
those obtained with the treated Dowex-50 resin; the former resin was employed throughout 
most of our work. The Bratton-Marshall27 diazotization of the various metabolites separated 
was found to give more consistent results in our studies when higher concentrations of 
reagents were used, namely, 0.50 per cent sodium nitrite, 20 per cent ammonium sulfamate, 
and 0.50 per cent N-(1-naphthyl)-ethylenediamine dihydrochloride. The determinations were 
carried out in duplicate with a Beckman DU spectrophotometer. 


AA, AAG, o-AHA, and Ac.KYN were determined as AA; KYN was determined as 


*Tygon obtained from United States Stoneware Co., Akron, Ohio. 
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Table I. Urinary tryptophan metabolites excreted by normal subjects 











Before tryptophan (20 After 2 Gm. t-tryptophan 
| subjects ) (30 subjects) 
Metabolite | Range | Mean |2 S.D.| Range | Mean 1 &. D. 
Anthranilic acid glucuronide 0.4—1.3 08 + 0.1 0.3 0.8— 2.7 1.7 + 0.2 0.6 
(AAG) 
o-Aminohippuric acid 0.5—13 1.0 + 0.1 0.2 14— 3.1 2.1 + 0.1 0.3 
(o-AHA) 
Anthranilie acid (AA) 0.5—18 1.0 +0.1 0.3 0.6— 2.4 1.3 + 0.2 0.5 
Acetylkynurenine 
(Ac. K YN) 0.2—0.4 0.254004 0.1 0.3— 1.3 1.1 + 0.15 0.4 
Kynurenine (KYN) 2.5—5.4 3.5 + 0.4 0.9 3.9—18.4 9.8 + 1.4 3.8 
Hydroxykynurenine 1.5—3.3 2.00—11.2 8.2 + 0.6 1.6 
(OH-KYN) 





Table II. Urinary tryptophan metabolites in 9 children* (after 2 Gm. of 
L-tryptophan ) 








Metabolite | Range Mean | Zé. D. 
AAG 0.2— 0.9 0.6 + 0.1 0.1 
o-AHA 0.6— 2.7 1.7 + 0.2 0.25 
AA 0.1— 0.7 0.3 + 0.1 0.1 
Ac. KYN 0.7— 9.7 2.6 + 2.0 3.0 
KYN 4.1—31.6 19.7 + 6.4 9.6 
OH-KYN 0.4— 6.2 4.2+1.3 2.0 





*Ages: 5 to 8% years; weight: 20 to 25 kilograms. 


KYN sulfate; and OH-KYN was measured as the standard.* All determinations were ex- 
pressed as milligrams of metabolite excreted in urine throughout 24 hours. 

An elevation of tryptophan metabolite excretion to a level greater than 3 times 1 standard 
deviation above the mean was considered significant.28 

Paper chromatographic methods. The results of column chromatography were confirmed 
both qualitatively and semiquantitatively by the one dimensional paper chromatographic 
method of Mason and Berg.29 Samples (20.0 ml. each) of the different fractions were 
evaporated to dryness under vacuum at a temperature of 37° C. The residue was redissolved 
in 1.0 ml. of 1.0 N HCl and 50 to 100 ul of the resulting solution was spotted on Whatman 
No. 1 or Whatman No. 3M filter paper. The chromatograms were studied both under ultra- 
violet light and after they were sprayed with Ehrlich’s reagent (2 per cent para-dimethyl- 
amino-benzaldehyde in 5 per cent HCl).7 Comparisons were always made on the same strips 
with known metabolites. 


Results 


General. There appeared to be a significant difference between the excretion 
of urinary tryptophan metabolites by young children weighing less than 35 
kilograms and the excretion by normal adults after the ingestion of 2 Gm. of 
L-tryptophan (Tables I and II). In general, this difference lay only in the in- 
erease in the urinary Ac.KYN and KYN in the children. No significant difference 
was noted between the 2 groups prior to the ingestion of tryptophan. 


*“Hydronykynurenine (QH-KYN) was supplied through the courtesy of Dr. L. M. Hen- 
erson, 
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Fig. 1. Outline of the tryptophan-niacin pathway. The proposed sites of action of the various 
B-vitamins are indicated. The alternate oxidative-phosphorylation pathway postulated by 
Dalgliesh is shown by the dashed arrows. Abbreviations: AAG — anthranilie acid glucu- 
ronide; 0o-AHA = ortho-aminohippuric acid. 


Normal subjects ranging in age from 10 to 62 years and weighing from 
40 to 85 kilograms demonstrated only slight variations in the urinary trypto- 
phan metabolites studied before and after the ingestion of tryptophan. Within 
this group little variation due to weight, age, or sex was noted, although there 
was a suggestion of slightly higher values for the women studied. 

The 9 children studied exhibited considerable variation in the exeretion of 
Ac. KYN and KYN after tryptophan loading. These children ranged in age from 
5 to 8 years and in weight from 20 to 35 kilograms. There was, however, no 
clear-cut reciprocal relationship between age or weight and KYN and Ac.KYN 
excretion. 

Duplicate determinations by column chromatography seldom showed a vari- 
ation greater than 5 per cent. Repeat determinations on the same subjects 
showed variations of 2 to 20 per cent with a generally greater variation in 
subjects before tryptophan loading. Normal differences of calorie intake and of 
protein consumption appeared to have no significant influence on these values. 
Recovery values for known tryptophan metabolites varied from 78 per cent 
for 200 pg to 96 per cent for 800 yg. 
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Hematologic disorders. 

HYPOPLASTIC ANEMIAS. Two patients with erythrogenesis imperfecta were 
studied before and after tryptophan loading. One of these patients (L. 8S.) was 
an 11-year-old white girl who had received about 100 units of blood prior .to 
the beginning of these studies. She had a past history of 2 episodes of trans- 
fusion reaction, but none of hepatitis. There was marked hepatosplenomegaly, 
but no other evidence of liver disease or renal disease at the time of our initial 
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Fig. 2. Open circles (CQ) indicate the urinary tryptophan metabolite excretion of 2 children 
with congenital hypoplastic anemia. Closed circles (@) represent the urinary tryptophan 
metabolite excretion by 3 adult patients with aplastic anemia. The triangle (A) indicates the 
urinary tryptophan metabolite excretion by the mother of a patient with congenital hypo- 
plastic anemia. The closed and open horizontal lines represent the mean urinary tryptophan 
metabolite excretion by normal adults (> 40 kilograms) and children (< 35 kilograms) re- 
spectively. The closed vertical lines (—) indicate 1 8. D. above and below the mean normal 
values for adults; the dashed vertical lines (__) represent 1 8. D. above and below the mean 
normal values for children. 
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Table III. Urinary tryptophan metabolites in patients with hypoplastic anemia 
and in 1 patient with primary hemochromatosis (after 2 Gm. of L-tryptophan) 











Patient | Age | Disorder | AAG |0-AHA | AA | 4eKeN KYN \OH-KYN 
(in 
| years) | | 
L. 8. 11 Erythrogenesis 1.6* 67° 3.4* 7.0 63.2* 6.8 
imperfecta 
M. M. 8 Erythrogenesis 1.6* 5.0* 4.3* 9.4 90.0* 15.1*? 
imperfecta 
I. 8. 56 Idiopathic ac- 1.5 6.5* 0.9 4.4* 79.0* 24.7* 


quired aplas- 
tic anemia 
H. G. 13 Idiopathic ac- 0.8 1.6 1.0 0.8 12.4 t 
quired aplas- 
tic anemia 


S. H. 55 Drug-induced 1.7 1.3 1.0 3.25 21.2*? t 
aplastic 
anemia 

N. B. 40 Primary hemo- 2.5 2.5 2.0 3.5* 20.7 2.0 
chromatosis 





*Indicates significant elevation (mean + 3 S.D.). 
+OH-KYN standard not available at the time this urine sample was studied. 


Table IV. Urinary tryptophan metabolites in the mother of a patient with 
erythrogenesis imperfecta 








Time | A4G | o-AHA | AA _ | AcKYN | KYN | OH-KYN 
Before trypto- 
phan 0.3 0.5 0.1 0.9 2.5 < 15 
After 2 Gm. 
L-tryptophan 1.3 4.6* 0.7 4.2* 70.0* 26.2* 





*Indicates significant elevation (> mean + 3 S.D.). 


study. Determinations of the total serum protein, albumin-globulin ratio, serum 
bilirubin, thymol flocculation, and thymol turbidity were within normal limits. 
The second patient was an 8-year-old boy (Patient M. M.) who had received 
nearly 100 transfusions and, in addition to his anemia, had an undescended 
testis and had had a congenital accessory thumb. This patient also had hepato- 
megaly, but had normal liver function studies. Both patients had a confirmed 
diagnosis of ‘‘pure red cell anemia’’ on the basis of marrow examination. Both 
had red hair and the characteristic facies of patients with erythrogenesis im- 
perfecta.”° 

There was no evidence of aminoaciduria on the basis of paper chroma- 
tographie studies.*° 

After 2 Gm. of L-tryptophan, both of these patients excreted elevated quan- 
tities of AA and its conjugates to a level 5 to 20 times and KYN 4 to 8 times 1 
S. D. above the mean values for children. OH-KYN was also elevated in one 
of them (Table III and Fig. 2). 
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Both parents of each of these children were studied. All 4 demonstrated 
normal excretory patterns before tryptophan loading. The mother of one 
(Patient M. M.), however, repeatedly demonstrated an abnormal excretion of 
o-AHA, Ac.KYN, and OH-KYN after receiving 2 Gm. of L-tryptophan (Table 
IV). This subject was in her middle thirties, in good health, and without a 
history of hematologic, gastrointestinal, or renal disorders. Her nutritional 
state was adequate. 

Three other patients with aplastic anemia were studied. All 3 demonstrated 
a pancytopenia with marrow hypoplasia of both erythroid and myeloid ele- 
ments. The anemia of one of them was attributed to chloramphenicol toxicity. 
Two of them (Patients H. G. and S. H.) had received transfusions totaling 
about 20 to 30 units of whole blood each while the third (Patient I. S.) had re- 
ceived about 50 units of blood. Aside from slight hepatomegaly, none of these 
patients showed any clinical or biochemical evidence of liver disease at the 
time they were studied. 

Except for a slight increase in urinary KYN in Patient S. H., no elevation 
of urinary tryptophan metabolites was noted in 2 of the patients (S. H. and 
H. G.). The third (Patient I. S.) however, repeatedly demonstrated a marked 
elevation of 2 of these metabolites, i.e., o-AHA and KYN, with slight or moderate 
elevations of Ac. KYN and OH-KYN (Table III and Fig. 2). 

Other hematologic disorders. A variety of other hematologic disorders was 
studied. After tryptophan loading, sporadic elevations of different metabolites 
were noted in a number of them, namely, lymphosarcoma, multiple myeloma, 
and chronic lymphatie leukemia (Table V). There was a questionable increase 
in the urinary excretion of KYN by a patient with sickle-cell anemia. This was 
a 19-year-old girl who had received a total of approximately 30 units of blood. 
There was slight hepatomegaly but liver function studies, including total serum 
protein, bilirubin, and flocculation determinations were all within normal limits. 

Studies on hemochromatosis. A 40-year-old woman with hemochromatosis 


Table V. Urinary tryptophan metabolites in patients with hematologic dis- 
orders after 2 Gm. of L-tryptophan 








Patient | Disorder | 44@ |o0-AHA | AA |4c.KYN| KYN |OH-KYN 
M. N. Lymphoma + ae 2.0 2.0 14.0 t 
H. R. Lymphoma 11 1.1 5.3* 9.8* 56.2* t 
H. B. Lymphoma 1.9 2.1 1.2 1.2 17.1 12.6 
M. D. Multiple myeloma 2.6 1.8 2.3 3.0 56.4* f 
M. E. Multiple myeloma 1.6 2.0 0.9 1.0 10.8 18.6* 
T. E. Hodgkins’ disease 0.7 1.3 0.6 0.4 7.4 t 
J. R. Acute leukemia LJ 2.9 1.3 0.7 12.2 ¢ 
S. V. Chronic lymphatic 2.7 3.1*? 1.8 2.0 28.2* 33.8* 
leukemia 

F. F.  Erythremic myelosis 1.9 2.6 1.3 0.8 29.2* 29.2* 
Z. B.  Sickle-cell anemia 1.6 2.9 0.3 2.0 24.3*? 7.8 
S. K. Thallesemia major 0.3 0.7 13 0.1 3.0 i 





*Indicates significant elevation (mean + 3 S.D.). 
+OH-KYN standard not available at the time this urine sample was studied. 
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was studied. The patient had marked hepatomegally, a diabetic glucose toler- 
ance curve, and areas of pigmentation over the body surface. Liver biopsy 
supported this diagnosis. The patient’s serum iron was well controlled with 
periodie phlebotomy. Liver function studies at the time of our investigation in- 
eluded a bromsulphalein retention of 20 per cent, an albumin-globulin ratio of 
0.80, and a 3+ eephalin flocculation. After receiving 2 Gm. of L-tryptophan, this 
patient demonstrated a slightly elevated excretion of only one of the metabolites 
studied—Ac.KYN. The exeretion of both KYN and OH-KYN were within 
normal limits (Table ITI). 


Discussion 


Hypoplastic anemias. Using paper chromatography, Altman and Miller 
demonstrated an elevated exeretion of AA in children with erythrogenesis im- 
perfecta.*° The present investigation indicates that a variety of urinary trypto- 
phan metabolites are elevated in this disorder after tryptophan loading. 

Price and his co-workers*! have shown that the determination of multiple 
tryptophan metabolites is a more sensitive indicator of the abnormal metabolism 
of this amino acid than the previously employed technique of measuring only 
xanthurenie acid excretion. In addition, this method helps to localize the re- 
sponsible metabolic defect. 

Because tryptophan is oxidized principally by way of the kynurenine path- 
way,’ an elevation of these metabolites probably represents a metabolic block 
or deficiency in this route, although no diminished or absent intermediate has 
yet been demonstrated. An interruption of another pathway with an increased 
load on the kynurenine route, or a diminished tubular reabsorption of these 
metabolites are two possibilities which cannot be excluded. Because of the 
normal to elevated excretion of OH-KYN, a metabolic block would have to 
oceur beyond the formation of this metabolite (Fig. 1).1! !* %* %* In this regard, 
the determination of metabolites beyond OH-KYN in the kynurenine pathway 
(hydroxyanthranilie acid, when a reliable method is available, and N-methy!l- 
2-pyridone-5-carboxamide) will be of great value. 

As ean be seen in Fig. 1, a multitude of factors must be considered in ex- 
plaining the elevated excretion of the tryptophan metabolites studied. These 
include a primary abnormality of pyridoxine function, vitamin B, dysfunction 
secondary to polyvalent cation imbalance, and abnormal riboflavin metabolism. 
Increased requirements for pyridoxine have been demonstrated in patients with 
either hypochromie anemias or convulsive seizures.**** Harris and associates** 
have demonstrated the presence of a tryptophan abnormality in the former 
condition. Polyvalent cation metabolism may also influence the tryptophan- 
kynurenine pathway.**-** Price and his co-workers** have demonstrated that a 
number of disorders of tryptophan metabolism have been corrected only by 
the administration of EDTA (ethylenediaminetetraacetic acid) which, pre- 
sumably, readjusts a functional pyridoxine deficiency caused by metal ion 
abnormalities. Dalgliesh? has postulated an alternate pathway, from kynurenine, 
which is dependent on riboflavin and is involved in oxidative phosphorylation. 
This may be the physiologic, rapid oxidative pathway of tryptophan metabolism. 
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A block in this pathway could then result in an elevated excretion of KYN and 
OH-KYN. It is interesting to note that reticulocytopenias recently have been 
observed in experimental riboflavin deficiency in man.** 

Although 2 Gm. of L-tryptophan probably represent no more than 3 times 
the routine daily intake of this amino acid for any of the patients studied,*® 
such a dose may stress a number of enzyme-coenzyme systems involved in 
tryptophan metabolism. Wachstein and Lobel*® have suggested that a relative 
pyridoxine deficiency may be made manifest following a tryptophan load test. 
Thus, a variety of abnormalities may be the result of ‘a moderate increase in 
ingested amino acid; a more temporary and less easily measured increase could 
be expected after a meal rich in tryptophan. 

There have been a number of reports of siblings and cousins having erythro- 
genesis imperfecta as well as other anemias of childhood.*!-** The repeated ele- 
vation of urinary tryptophan metabolites found in the mother of one patient 
(M. M.) with erythrogenesis imperfecta suggests that the amino acid abnor- 
mality noted in at least this case may be genetically determined also. The 
finding of such abnormally elevated metabolites in an otherwise normal adult 
probably excludes the possibility that these metabolites are directly responsible 
for the anemia, although an in utero effect is still conceivable. . 

One of 3 adults with acquired aplastic anemia (Patient I. S.) demonstrated 
an abnormality of tryptophan metabolism resembling that of the patients with 
erythrogenesis imperfecta. This may, then, represent a similar defect of 
tryptophan metabolism with the associated anemia made manifest at a later age. 

This patient (I. 8.) had received about 50 units of blood at the time of our 
studies; the children with erythrogenesis imperfecta had received about 100 
units each. The resulting increased iron stores may have interfered with trypto- 
phan oxidation sufficiently to account for at least a portion of the elevated 
metabolites despite the absence of any other proof of liver dysfunction. How- 
ever, in the other 2 patients with acquired aplastic anemia, and in patients with 
Cooley’s and sickle-cell anemia who had received as many as 30 units of blood, 
normal to only slight elevations of urinary tryptophan metabolites were noted. 
As has been observed, the one patient with hemochromatosis studied demon- 
strated only a slight elevation of Ac.KYN, with normal KYN and OH-KYN 
values. These preceding data suggest that the marked elevation of tryptophan 
metabolites noted in Patient I. S. is probably not entirely the result of in- 
creased iron stores. Of course, definitive proof of a basic abnormality of trypto- 
phan-kynurenine metabolism in patients with hypoplastic anemia can be 
obtained only by the demonstration of the elevated excretion of urinary trypto- 
phan metabolites in patients who have not received blood transfusions. 

It has been long suspected that a number of distinct syndromes of aplastic 
anemia all present with the same clinical picture but are inseparable. Therefore, 
the possibility that they can be distinguished on the basis of unique biochemical 
abnormalities would seem to warrant further investigation. 

Other hematologic disorders. The finding of sporadic elevations of a number 
of tryptophan metabolites, particularly KYN and OH-KYN, in a number of 
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neoplastic hematologie disorders, confirms the observation of Musajo and his 
co-workers.'® The fact that these patients were afebrile and did not excrete 
increased quantities of urinary tryptophan metabolites before tryptophan 
loading argues against Dalgliesh’s hypothesis that increased tissue breakdown 
associated with fever was responsible for this phenomenon.'’® Wachstein and 
Lobel*® have suggested that rapidly growing neoplastic tissue has an increased 
requirement for pyridoxine. This may result in a relative pyridoxine deficiency 
made manifest by tryptophan loading and similar to that occurring during 
pregnancy. A relative niacin deficiency also can be responsible for increased 
urinary tryptophan metabolites. Auriechio and colleagues** used paper chroma- 
tography to demonstrate that the administration of nicotinamide decreased the 
elevated excretion of such products in a patient with Hodgkin’s disease. In 
this regard, Quagliariello and associates*? have recently demonstrated that the 
conversion of 3-OH-AA to quinolinie acid is depressed in leukemic rat liver and 
restored by diphosphopyridine nucleotide. 

Current studies are in preparation for the determination of the effects of 
various biologic nutrient factors on the abnormalities of tryptophan-kynure- 
nine metabolism discussed in this paper. 

The author wishes to thank Dr. Clifford W. Gurney for his guidance, and Dr. Mila I. 
Pierce for making available for our study 2 patients with erythrogenesis imperfecta. 
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Delta-aminolevulinic acid, porphobilinogen, and porphyrin 
excretion throughout pregnancy in a patient with acute 
intermittent porphyria with “passive porphyria” in the 


infant 


G. WATSON JAMES, III, M.D., SUSAN G. RUDOLPH, M.S., and 
LYNN D. ABBOTT, JR., PH.D. Richmond, Va. 


Relationships between pregnancy and acute intermittent porphyria have been evaluated 
largely through clinical observations. In the present study, quantitative excretion 
patterns of 5-aminolevulinic acid, porphobilinogen, and the porphyrins have been deter- 
mined serially throughout pregnancy in a patient with acute intermittent porphyria. 
These data have been correlated with the clinical course of the patient. Porphyrins were 
present in the amniotic fluid, but 5-aminolevulinic acid and porphobilinogen were not 
detected in either the fluid or the mother’s milk. The transitory nature of the excretion 
of porphyrin precursors and porphyrins by the newborn infant was observed and quanti- 
fied. The condition in the infant was considered a ‘‘ passive porphyria.’’ 


Pics intermittent porphyria is a genetically transmitted metabolic disease 
which manifests itself by exacerbations and remissions of symptoms. The 
metabolic disturbance is presumably an aberration in porphyrin biosynthesis, 
with large amounts of porphyrins and porphyrin precursors (porphobilinogen 
|PBG| and $-aminolevulinie acid [ALA] being exereted in the urine. The 
presence of PBG in the urine has been considered to be a valuable diagnostic 
aid for aeute porphyria. 

Studies of the relationship between pregnaney and porphyria present dif- 
ferent points of view. Vine and associates’ reported 21 exacerbations of acute 
porphyria in 27 pregnancies (16 porphyric women) and stated that there is a 
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Table I. 8-aminolevulinie acid, porphobilinogen, and copro- and uroporphyrin 














excretion 
Coproporphy- | Uroporphy- 
Uri ALA PBG rin rin 
rine 
Date (ml. per day) (mg. per day) (ug per day) 
Prepregnancy, 1958 
Jan. 19 825 18 53 
Jan, 29 1,230 34 2 
Feb. 4 1,320 51 129 
First trimester, 1958 
April 19 1,000 42 93 
May 28 1,000 37 105 1,550 4,800 
June 5 1,430 48 96 2,488 21,200 
June 11 2,030 71 135 2,070 13,000 
Second trimester, 1958 
June 18 1,840 54 121 3,109 18,400 
June 25 1,685 43 96 2,673 9,500 
July 2 2,000 43 90 2,840 9,880 
July 9 2,730 50 111 3,986 14,580 
July 16 1,200 43 105 3,360 14,100 
July 23 1,840 39 83 
July 30 2,270 84 5,538 6,760 
Aug. 3 1,390 36 90 3,725 12,780 
Aug. 6 1,500 31 72 3,510 3,810 
Aug. 12 1,320 46 117 3,220 20,170 
Aug. 20 1,110 46 104 4,173 15,530 
Aug. 27 ~ 1,805 21 84 4,320 6,730 
Sept. 3 1,825 35 77 3,248 4,040 
Sept. 10 1,650 50 110 3,019 12,270 
Third trimester, 1958 
Sept. 17 1,845 46 103 2,214 4,520 
Sept. 24 1,260 33 83 2,268 6,290 
Oct. 1 1,460 37 108 3,586 4,150 
Oct. 9 1,125 38 91 2,268 9,370 
Oct. 15 1,000 39 99 2,320 12,770 
Oct. 22 720 36 92 3,312 8,670 
Oct. 24 1,500 26 65 2,970 3,950 
Oct. 26 1,170 25 57 1,638 4,430 
Oct. 29 520 27 81 
Nov. 4 2,800 29 79 3,136 2,800 
Nov. 5 2,850 25 70 2,280 2,600 
Nov. 12 2,960 25 80 2,664 3,900 
Nov. 19 3,350 36 77 2,680 2,700 
Nov. 30 3,000 31 3 2,520 2,300 
Dee. 2, cesarean section 
Postpartum, 1958 
Dee. 4 2,730 15 63 1,693 1,470 
Dee. 8 2,850 43 81 2,337 2,200 
Dee. 10 2,400 37 49 1,920 1,820 
Dee. 18 1,620 36 79 1,360 2,920 
Postpregnancy, 1959 
Jan. 27 1,230 29 62 1,255 3,460 
March 4 1,160 37 73 1,276 4,340 
March 24 775 28 51 1,116 10,900 


June 8 975 34 35 1,890 2,800 
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decided tendeney for porphyria to undergo exacerbation during pregnancy. 
Neilson and Neilson,? in a comprehensive review of 40 cases of porphyria with 
76 pregnancies, found that at some time during the history of pregnancy there 
was an exacerbation of the disease in 95 per cent of the individuals. They 
concluded, from their 3 patients and the review of other reports of pregnancy 
in acute intermittent porphyria, that cyesis has an aggravating influence, except 
in an oceasional patient with mild disease. Tricomi and Baum* reviewed the 
data on 14 patients and presented evidence in 4 women studied by them which 
suggested that pregnancy, though it does not have a beneficial effect on the 
disease, does not have a detrimental one. Some workers have felt pregnancy had 
a beneficial effect in acute porphyria.*® 

The opinions of the previous investigators have been based much more upon 
clinical evaluation than upon quantitative data on the exeretion of PBG and 
urinary porphyrins. The urinary exeretion of ALA and its relationship to 
the exeretion of PBG and porphyrins during pregnancy in the porphyrie 
patient have not been previously reported. This study presents serial quantita- 
tive determinations of urinary copro- and uroporphyrins and porphyrin pre- 
cursors excreted by a patient with acute intermittent porphyria throughout a 
pregnancy which resulted in a viable male infant. 


Case report 


Diagnosis of acute intermittent porphyria had been established in this 22-year-old white 
housewife 18 months prior to the present admission when a previous pregnancy of 30 weeks’ 
duration was interrupted by Cesarean section because of continuing hypertension. She had 
suffered considerably with intermittent generalized abdominal pain and obstinate constipation 
after a previous hospitalization, during which she had been treated for hyperemesis gravi- 
darum with intermittent barbiturates. The premature female infant, weighing 3 pounds, 4 
ounces, died within the first 24-hour period. The course of the patient after section was 
uncomplicated. 

Six months later (November, 1957) she had cramping abdominal pain and anorexia 
of several days’ duration and observed dark urine. There had been some slight numbness 
and tingling in the lower extremities. Physical examination was essentially normal. After 
administration of 10 mg. chlorpromazine hydrochloride every 4 hours for 24 to 36 hours, 
the abdominal pain gradually subsided, and there was no more difficulty. 

Quantitative analyses for urinary PBG and ALA 2 months later (January, 1958) 
gave elevated values. Serial determinations were begun and quantitative porphyrin studies 
started after she became pregnant. On October 23, 1958, she was again admitted to the 
Medical College of Virginia Hospital because the pregnancy was complicated by hypertension 
and, as had been established by prior diagnosis, acute intermittent porphyria. Two weeks 
prior to this hospitalization she noted several days of abdominal tightness and muscular 
weakness, which incapacitated her for her housework. Nausea and gagging were prominent 
symptoms, and weakness persisted. Because of persistent mild hypertension and the other 
symptoms, hospitalization was advised. There was no ankle or facial edema and the patient 
had gained only 12 pounds since the onset of gestation. Her last menstrual period was March 
15, 1958, and the expected date of confinement was December 22, 1958. 

Physical examination showed her to be normal except for mild hypertension and a 
pregnancy of about 7 months’ duration. Fetal heart sounds were in the left lower quadrant 
at 148 per minute. Blood pressure was 148/106, pulse 80, respiration 20, temperature 99° F. 

Except for the presence of PBG, uro- and coproporphyrins, and a 1+ albumin, 
urinalysis on admission was not abnormal. Initial hemoglobin was 10.8 Gm. per 100 ml., 
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hematocrit 36 per cent, and white cell count 7,200. Platelet count was 149,000 and re- 
ticulocyte count 2.4 per cent. Blood smear showed normocytic, normochromic red cells, with 
some evidence of increased regeneration and a rare normoblast. The platelets were large 
and irregular. Blood chemistry revealed the following: urea nitrogen, 27 mg. per 100 ml.; 
total protein, 6.2 per cent, with albumin 3.0 per cent; sodium, 133; potassium, 4; chloride, 
104; and CO, 19 mEq. per liter; serum bilirubin, direct, 0.05, total, 0.2 mg. per 100 ml. 
Thymol turbidity was 2, cephalin flocculation 2+, and fasting blood sugar 57 mg. per 100 
ml. Urea nitrogen came down slightly to 19 but uric acid remained elevated at 7.0 mg. 
per cent. Reversal of the albumin-globulin ratio persisted, with a total protein of 5.9 and 
total albumin of 2.8 Gm. per 100 ml. 

Approximately 10 days after admission the patient was started on chlorpromazine 
hydrochloride at a total dose of 30 mg. per day because hypertension was considered a 
manifestation of porphyria. There was no substantial effect on blood pressure, and chlor- 
promazine hydrochloride was increased to 60 mg. per day on November 28, 1958, because of 
increasing hypertension. She had no other symptoms referable to porphyria. It was de- 
cided, since she had already been interrupted in her first pregnancy, that this pregnancy 
would be carried to the thirty-seventh week in an attempt to obtain a living child. On 
December 3, 1958, a low cervical section under epidural anesthesia was done by Dr. W. C. 
Winn, the indications being preeclampsia and acute intermittent porphyria. The baby, 
a male, weighed 2,292 grams, cried promptly, and was in good condition. The mother’s post- 
operative course was uneventful. Her systolic blood pressure, however, remained elevated, 
from 180/130 to 170/120 for the immediate period. Gradually the blood pressure came 
down, reaching normal levels in about 2 months. Since that time the patient has been 
quite well and has had only minimal intermittent symptoms of porphyria. 


Methods 


Twenty-four hour urine samples were analyzed quantitatively for ALA and PBG with 
the ion exchange resin method of Mauzerall and Granick.7 Coproporphyrin was analyzed 
fluorimetrically according to the method of Schwartz and colleagues.8 Uroporphyrin was 
determined in a Beckman DU spectrophotometer by the method of Rimington and Sveinsson.® 

Pre- and postpregnancy analyses, as well as analyses of urine from the infant and’ of 
amniotic fluid and breast milk were made. During the early part of pregnancy, 24 hour 


Table IIT. Mean values and significance* of 8-aminolevulinie acid, porphobilino- 
gen, and copro- and uroporphyrin data 











| ALA | PBG Coproporphyrin | Uroporphyrin 
Period | (mg. per day) (ug per day) 
Prepregnancy 34 91 
First trimester 50 107 2,036 13,000 
Significant increase - _ 7 + 
Second trimester 41 96 3,593 11,426 
Significant increase - ~ + 7 
Third trimester 32 83 2,604 5,265 
Significant increase - ne + 
Entire pregnancy 38 92 2,990 8,830 
Significant increase “~ - + - 
Postpartum 33 68 1,828 2,103 
(2 weeks) 
Postpregnancy 32 55 1,384 5,375 
Normal values <2 <} < 275 < 30 





*Comparison of porphyrin data with postpregnancy values, and ALA and PBG data with 
prepregnancy values, by the F-distribution method." 
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Table III. Porphobilinogen, 8-aminolevulinie acid and porphyrins in amniotic 
fluid, breast milk, and infant’s urine 














Date ALA | PBG Coproporphyrin | Uroporphyrin 
Fluid tested (1958) (mg. per L.) (ug per L.) 
Amniotic Dec. 3 Negative Negative 540 450 
fluid. 

Breast Dec. 9 Negative Negative Negative 
milk. 
Infant’s Dee. 3 1.84 53.9 829 
urine. (birthday ) 

Dee. 4 1.44 Negative 1,350 

(1 day old) 

Dec. 9 Negative Negative Negative 

(6 days old) 

Dee. 10 Negative Negative Negative 


(7 days old) 





urine samples were collected on a weekly basis, and in the latter part, every 3 or 4 days. 
Postpregnancy analyses were done approximately once a month. 


Results 


Excretion data are presented in Table I and summarized in Table II. Pre- 
pregnancy values for PBG and ALA helped establish the clinical diagnosis of 
acute intermittent porphyria (normally PBG is less than one, and ALA less 
than 3 mg. per day),” ?° but quantitative porphyrin determinations had not been 
made before pregnancy ensued. 

When compared with postpregnaney values it is evident that uroporphyrin 
excretion was significantly higher during the first and second trimesters (Table 
II). Coproporphyrin excretion was higher throughout pregnancy, particularly 
in the second trimester. Similar variations in ALA and PBG did not oceur 
during pregnancy when compared with prepregnancy data. The excretion of 
all compounds was less the first day after section (Table I), and postpregnancy 
values for PBG and coproporphyrin were significantly lower.in the next 6 
months. Abnormal excretion persisted, with both porphyrins and precursors 
markedly elevated above normal. One year after section, during an attack ac- 
companied by considerable weakness and abdominal pain, uroporphyrin ex- 
cretion was again very high (21,680 ug per day). 

ALA and PBG were not found in the amniotic fluid, but copro- and uro- 
porphyrin were present (Table III). The infant’s urine had small amounts of 
ALA on the first 2 days and a comparatively large amount of PBG on the first 
day which had disappeared by the second day. More coproporphyrin was ex- 
ereted on the second day than on the first, perhaps due to further conversion of 
PBG into coproporphyrin on the second day. Urine collections were insufficient 
for uroporphyrin determination. Analyses on the seventh and eighth days 
were negative. Breast milk tested on the seventh day was negative. 
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Discussion 


With regard to possible effects of pregnancy on porphyria, or of porphyria 
on pregnancy, it is admittedly difficult to dissociate effects of treatment which 
might have been given coneurrently. In the present study the patient was a 
known porphyric, and hence all barbiturates were avoided. Thus, one possible 
source of a known deleterious effect which may exist in some earlier clinical 
studies was not present here. When it was noted that urine output was very 
low (October 29, 1958), fluids were foreed and urine volume increased markedly. 
This in itself may have had some beneficial effect on the course of this patient in 
the third trimester. During the last 28 of 40 days of hospitalization for moderate 
hypertension (B. P. 140/95 to 180/120) chlorpromazine hydrochloride was 
given orally in amounts of 30 mg. per day. Five days prior to Cesarean section 
it was increased to 60 mg. per day because of increasing hypertension. There 
were no other clinical manifestations of acute intermittent porphyria at this 
time. During the period of drug administration, the average uroporphyrin 
excretion appears to have been reduced to about one-half of what it was in 
the period immediately prior to the use of this drug. Hospitalization without the 
drug did not appear to change uroporphyrin exeretion, but, as was mentioned, 
increased fluid administration was simultaneous with chlorpromazine use. Melby, 
Street, and Watson’? found that clinical improvement with chlorpromazine 
could not be correlated with significant changes in exeretion of porphyrin or 
porphobilinogen in acute intermittent porphyria in relapse. Although chlor- 
promazine and forced fluid treatment was associated with decreased urinary 
uroporphyrin without corresponding change in PBG exeretion in our patient, 
the data, although suggestive, are not adequate to permit conclusions with 
regard to a direct effect of this drug on in vivo uroporphyrin formation, a 
possibility which should be considered in light of recent work of Watson and 
associates*® on the isomer composition of urinary uroporphyrins in: this disease. 

Since increases in exeretion of PBG and ALA were not observed, any 
deleterious effects resulting from the association of pregnaney and acute in- 
termittent porphyria in the same patient might be related to increases in por- 
phyrin formation. Increased porphyrin exeretion in itself seemed to have 
little harmful effect in this patient. Increase in coproporphyrin excretion may 
have been a reflection of some increased liver dysfunction during the pregnancy. 
The only abnormality demonstrated in the liver function tests was a reversal 
of the albumin-globulin ratio. The patient had a persistent, mildly elevated 
blood urea nitrogen (27, 22, 19 mg. per cent) and a uric acid of 7.0 mg. per 
cent on 2 determinations. 

Both uro- and coproporphyrin were present in the amniotie fluid, but ALA 
and PBG were not detectable. In normal human amniotic fluid Fikentscher™ 
noted small concentrations of coproporphyrin which increased from the second 
to the fifth month of gestation with subsequent decline at term. No uroporphy- 
rin was found during his studies. Occurrence of uroporphyrin, and a much 
higher concentration of coproporphyrin in our patient at term would seem, 
therefore, to be related to the porphyria. 
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Presence of ALA, PBG, and coproporphyrin in the infant’s urine at birth, 
with disappearance of excretion of these substances after the first day, strongly 
suggests the occurrence of these compounds by passive transfer from the mother 
and not through endogenous production in the infant. This implies transfer 
of these circulating materials through the placental membrane, and rapid 
‘‘washing out’’ from the infant after birth. A small pool of these substances 
thus would have been removed from the mother’s circulation, and on this 
basis a decreased excretion by the mother might be expected after delivery. 
Lower excretions were noted the first day after section. 

Linas and co-workers’® examined the urine of an infant delivered from a 
woman having a chronic porphyria with light sensitivity and cutaneous lesions. 
Urine collected the first 3 days contained sufficient porphyrin to be evidenced 
spectrosecopically but porphyrin was absent in later collections. Woody’® found 
coproporphyrin, uroporphyrin, and a trace of PBG in the urine of an infant on 
the first day after birth from a woman diagnosed as having ‘‘acute idiopathic 
porphyria.’’ On the second day PBG and uroporphyrin were absent and 
coproporphyrin had decreased almost tenfold. He attributed this to a porphy- 
rinuria passively acquired through placental transmission and suggested the 
term ‘‘passive porphyrinuria’’ for the condition. The present study substan- 
tiates the occurrence of a transitory porphyrinuria in such infants, and in 
addition, provides evidence of the excretion of ALA and PBG associated with 
the porphyrinuria. In view of the presence of porphyrin precursors as well 
as porphyrins, this condition might appropriately be termed a ‘‘ passive porphy- 
ria.’’ No deleterious effects appear to result from the exposure of the fetus and 
the infant to the circulation of these materials from the mother, and their 
rapid clearance has been described. This might be considered an indication that 
the severe pathologic consequences of this disease may result from the under- 
lying metabolic error rather than from the presence of these substances per se. 


We are indebted to Dr. W. C. Winn, Clinical Professor of Obstetrics and Gynecology, 


Medical College of Virginia, for permitting us to study this patient and for his able assis- 
tance during her hospitalization. 
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Assessment of cerebral circulation by an external isotope 


technique 


W. D. LOVE, M.D., L. P. O’MEALLIE, M.D., and G. E. BURCH, M.D. 
New Orleans, La. 


Innocuous isotope techniques for assessing the rate of cerebral blood flow hold con- 
siderable promise. In order to test a proposed method based on ‘‘ pulse distortion’’ 
analysis, a group of subjects with known cerebrovascular lesions were studied and com- 
pared to normal subjects. The time course of radioactivity in the occipital and the right 
and left frontoparietal regions was recorded during the first circulation of a bolus of 
intravenously injected I131 albumin. 


Occlusion of the internal carotid artery by disease or by pressure over the carotid bulb 
produced curves of cerebral radioactivity which were lower and later on the affected side 
than in the normal area. In one subject with a vascular tumor and a high rate of blood 
flow a higher and earlier curve was recorded over the tumor than over the remainder of 
the brain. Criteria for the reliable diagnosis of internal carotid arterial occlusion by 


this method were not found, probably in part because of the large amount of collateral 
circulation present. 


These differences in regional curves are believed to be due to variable distortion of the 
curve of radioactivity in inflowing arterial blood caused by variations in the circulation 
times in separate areas of the brain. This variable distortion may form the basis of a 
simple index of the regional rate of cerebral blood flow. 


‘Ex measurement of cerebral blood flow in man has proved to be a difficult 
problem. The techniques which are currently available are not well suited for 
widespread use under clinical conditions. With introduction of radioactive 
isotopes, and the subsequent development of appropriate counting techniques, 
the use of externally placed detectors to measure blood flow has been widely 
investigated. Such procedures hold considerable clinical promise because of 
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their innocuous nature. The present report describes the progress in this 
laboratory in the development of a simple clinical procedure for assessing re- 
gional cerebral blood flow. 

When a bolus of I'*' albumin is injected intravenously, a scintillation 
counter placed near the brain will record a curve of regional radioactivity which 
resembles the familiar arterial dye dilution curve. There is a distortion of the 
arterial pattern because the probe monitors a significant segment of the vas- 
culature rather than an infinitesimal arterial cross section. The degree and type 
of distortion is probably affected by many factors. These include the spatial 
orientation of the vascular cireuits in relation to the counter and variations in 
the time of arrival of the isotope in different areas. Probably more important 
are differences in the lengths of individual vessel pathways producing variations 
in the length of time required for separate parts of the bolus to pass through 
the brain. This organ circulation time is determined by the relationship of the 
rate of blood flow in the area monitored to the intravascular volume. A com- 
parison of the concentration time course curves of isotope in carotid arterial 
and cerebral blood therefore may provide a useful index of the rate of cerebral 
blood flow. As a first step in investigating this possibility, a series of subjects 
was studied to determine whether or not known lesions of the major cerebral 
vessels produced detectable differences in the curves recorded over the normal 
and abnormal areas of the brain. 


Probes were placed over the occiput and the right and left frontoparietal 
areas, since these regions are normally supplied primarily by the vertebral 
artery and by the respective internal carotid arteries. Subjects presumed to 
have normal cerebral vessels were studied both in an undisturbed state and 
during manual compression of carotid arteries. A group with proved cerebro- 
vascular disease, including subjects with occlusion or narrowing of major 
vessels, was included to determine whether or not the curves obtained would be 
likely to aid in the detection of occlusion of major vessels. This type of study 
might also contribute to the evaluation of such lesions by indicating the extent 
of collateral circulation. 


Materials and methods 


Subjects. Several types of subjects were studied. Twenty-three were hospitalized patients 
without clinical evidence of cerebrovascular disease, six were subjects with essential hyperten- 
sion without cerebral symptoms. In 11 individuals, angiographically demonstrated occlusion of 
one internal carotid artery was present, while in 5 patients there was angiographic evidence 
of internal carotid artery narrowing on the side opposite a hemiplegia or hemiparesis. In 
one subject a large parietooccipital vascular tumor had been previously demonstrated. 


Monitoring. To maintain high counting rates it was necessary to rely on placement of 
the scintillation crystals close to the area to be measured as the chief means of obtaining 
selectivity. Probes with cylindrical NaI crystals 2 inches in diameter and thickness were 
placed 1.5 to 2.5 em. from the scalp over the approximate center of the frontoparietal and 
occipital areas. The crystals were recessed 1.3 em. within a 2 em. thick lead shield which made 
contact with the scalp. Three centimeters of additional shielding was placed between the 
sides of crystals and the trunk to decrease interference from other areas. From studies in 
phantoms simulating tissue it was estimated that, if the head were homogeneously radio- 
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Fig. 1. Time course of radioactivity in 3 regions of the head following intravenous injection 
of 1131 albumin in a normal subject. At the top, the individual recordings of radioactivity 
are indicated. At the bottom, the lines fitted to this data are superimposed so that they can 
be compared. Symbols placed on these lower lines are for identification only, and do not 
represent observed points. Net peak counting rates per 0.8 second (uncorrected for differences 
in counter sensitivity and amount of blood monitored) were as follows: right frontoparietal, 
706 counts; left frontoparietal, 641 counts; and occipital, 127 counts. 


active, approximately three-fourths of the radiation recorded by each probe would be originat- 
ing in the desired ipsilateral frontoparietal or the occipital area. 

The scintillation pulses corresponding to energies above 0.15 mev. were recorded digitally 
at intervals. Counts were accumulated by 3 separate scalers for periods of from 0.1 to 0.8 
second and then automatically recorded, with 0.2 second printing time elapsing between 
each collection period. Since an identical cycle was used for the 3 counters, any differences 
in the time course of radioactivity in the separate areas were accurately recorded. To aid 
in evaluating the contribution of blood in the scalp and muscles, some of the subjects were 
studied using a pneumatic cuff applied in the same distribution as a hatband. This was in- 
flated to 240 mm. Hg pressure during and immediately following the injection of isotope. 
When the pressure was released, there was frequently a detectable increase in radioactivity 
over the head. Because diploic anastomoses and reactive hyperemia may have contributed to 
scalp radioactivity, the significance of such increases is uncertain. When curves were ob: 
tained from the same subject with and without the cuff, no consistent differences were 
noted. 

Injection of isotope. A total of up to 100 we [431 human serum albumin* was injected 
in an arm vein over an interval of one to several seconds. The isotope frequently was given 
in 2 separate parts to evaluate curve reproducibility or to observe the effect of manual 
compression of the carotid arteries during one of the injections. 

Analysis of data. The recordings from each counter were corrected for differences in 


*Albumotope, E. R. Squibb & Sons, New York, N. Y. 
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Fig. 2. Curves similar to those in Fig. 1 obtained from another normal individual. Net un- 
corrected peak counting rates per 0.4 second were as follows: right frontoparietal, 382 counts; 
left frontoparietal, 290 counts; and occipital, 83 counts. 


sensitivity of the probes and in the amount of blood monitored. This was done by multiplying 
the readings from each probe by factors which would produce the same corrected plateau 
counting rate for all 3 areas. The corrected values were proportional to the radioactivity 
per unit volume of blood in the separate areas. Any differences in local blood volume were 
therefore obscured. The digital recordings from each probe were plotted semilogarithmically 
on separate sheets of paper and a line was fitted visually. The timing and height of several 
arbitrarily chosen points on each curve were measured, and the separate recordings were 
then superimposed on a single chart. In order to compare the events in one curve to those 
in another, the timing of the upstroke was always measured at the time at which the reading 
reached 50 per cent of the maximum value. For the downstroke, a value halfway between 
the peak and plateau levels was chosen for making the comparisons. 


Results and interpretation 


Normal subjects. Typical curves from 2 normal subjects are shown in Figs. 
1 and 2. The individual curves and the data on which they are based are shown 
in the upper portion of each figure. The curves are shown superimposed in the 
lower part, symbols being placed on each line to aid in identification. The 
relation of the peak values and the timing of the upstrokes, peaks, and down- 
strokes of the frontoparietal curves are summarized in Figs. 3 and 4. The group 
of subjects with hypertension did not differ from the normal subjects, thus 
these results are not shown. There was no significant difference in the records 
from the right and left frontoparietal areas. In the occipital area the upstroke, 
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peak, and downstroke each lagged an average of 1.2 second behind the curves 
from the frontoparietal areas. The peak was higher in the occipital area in 24 
of 35 instances, averaging 4 per cent more than the frontoparietal peaks. A 
late arrival of blood in the vertebral system, and the drainage of venous blood 
toward the occiput, are 2 of the possible factors producing these differences. 
There was a large variation in these measurements, which is apparent in Figs. 
3 and 4. Duplicate curves were recorded in 11 normal subjects. A comparison 
of the individual parameters in these duplicate curves showed little relationship 
between the small differences observed in the first injection and those in the 
second injection. Most of the variation between the 2 sides in normal subjects, 
therefore, seems to be of a random nature. This may be caused by errors in 
measuring small differences, or by a moment-to-moment variation in the pattern 
of cerebral blood flow. 

Effect of obstruction of the carotid arteries. The results in a patient with 
occlusion of the left internal carotid artery and narrowing of the vertebral 
artery are shown in Fig. 5. These were the most marked differences noted in 
those patients with unilateral internal carotid artery occlusion. There is a 
statistically significant tendency toward a late upstroke (p < 0.01) and down- 
stroke (p < 0.001) on the affected side in this group (Fig. 4). The peak 
value tends to be reached late (p < 0.001), but is not significantly lowered 
(0.2 > p > 0.1) in the group as a whole (Fig. 3). Findings similar to those 
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Fig. 3. Summary of the effect of narrowing or occlusion of an internal carotid artery on the 
timing and height of the radioactivity curves from the right and left frontoparietal areas 
following intravenous injection of [131 albumin. 
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Fig. 4. The effect of narrowing or occlusion of an internal carotid artery on timing of the 
upstroke and downstroke of the curves of radioactivity in the frontoparietal areas of the 
head after intravenous [131 albumin. 
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Fig. 5. Curves of regional radio- 
activity in a patient with occlusion 
of the left internal carotid artery 
and narrowing of the basilar 
artery. The left frontoparietal 
curve is lower and later than the 
right. Net uncorrected peak count- 
ing rates per 0.1 second were as 
follows: right frontoparietal, 126 
counts; left frontoparietal, 86 
counts; and occipital, 34 counts. 
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Fig. 6. Regional radioactivity in a subject in whom the left carotid arterial bulb was com- 
pressed during passage of a bolus of [131 albumin. The radioactivity curve in the left fronto- 
parietal region is lower and later than that on the right. Net uncorrected peak counting rates 


per 0.8 second were as follows: right frontoparietal, 400 counts; left frontoparietal, 322 
counts; and occipital, 71 counts. 


recorded in subjects with spontaneous carotid occlusion were produced by com- 
pression of one carotid bulb during passage of the bolus of radioactive blood. 
In several instances these changes were marked, e.g., see Fig. 6. Unilateral nar- 
rowing of the carotid artery caused by disease was not associated with definite 
abnormalities in most cases, even though these patients had symptoms of cerebral 
arterial insufficiency, Curves from duplicate injections of 11 subjects with ar- 
terial lesions showed large variations similar to those in normal subjects. 

Vascular tumor. A subject with a vascular tumor in the occipital lobe was 
studied on 2 occasions. When one frontoparietal probe was placed near the 
occipital lesion and the other over the frontal lobe, a very marked difference in 
the recordings was noted (Fig. 7). When the probes were placed in the standard 
position, the differences were much less marked (Fig. 8). This illustrates the 
importance of appropriate probe placement when localized lesions are present. 
In the area of presumed highest flow the isotope arrived earlier, and the curves 
had higher, earlier peaks and a more rapid descent. 


Discussion 


A variety of isotope techniques have been applied to the study of the 
cerebral circulation in man. One approach has been to inject labeled red cells 
into a carotid artery while serial venous blood samples are obtained from one 
or both carotid bulbs.’ Total cerebral blood flow and the volume of blood in the 
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tient with a large vascular tumor in 
the left parieto-occipital region. The 
records from the 2 counters placed 


near the lesion show earlier higher 





Foy veaks than that from the probe in 
= | ] 

2 e the right frontal area, as far as 
4 ’ i . a y 

g e q: hy . Right frontal possible from the tumor. Net un- 
2 I; f ~*~ x Left parieto- corrected peak counting rates per 0.8 
= ‘i ty occipital eS ey 

ie) ; | * Occipital second were as follows: right frontal, 
ao $ | , 731 counts; left parieto-occipital, 
> f 1,058 counts; and occipital, 312 
a ' counts. 











437-| Occipital Lobe Vascular Tumor 
° Right fronto-parietal 
3 x Left fronto-parietal 
2. ¢ Occipital 


Fig. 8. Curves from the same pa- 
tient shown in Fig. 7 but taken 
with the counting probes in the 
standard positions. Differences 
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cerebrovascular pool can be caleulated from such data. Similar information can 
be obtained with nonradioactive dye.* * Radiokrypton (Kr*°) has been used as a 
substitute for NO in the Kety-Sehmidt technique.* ° More recently, Kr7® has 
been used for the determination of cerebral blood flow in the unsteady state.* 
Measurements of the Kr content of simultaneous arterial and venous blood 
samples and of the brain by external monitoring are necessary. Schlesinger and 
Quimby’ explored the use of external monitors to determine the patency of the 
superior sagittal sinus, and suggested a similar approach to determine the 
effect of vascular anomalies, drugs, and pathologie states. Crandall and Cassen® 
placed a collimated counter over the confluence of the sinuses and injected iso- 
tope into a carotid artery. If the externally recorded counts could be correctly 
related to the concentration of tracer in mixed cerebral venous blood, the total 
cerebral blood flow could be measured by this approach without the use of a 
jugular puncture. Two groups®'' recently have described the use of multiple 
external counters to demonstrate differences in the pattern of flow produced by 
vascular lesions. The correct interpretation of these differences has not yet 
been established. 

Changes in the timing of specific landmarks on these curves may be caused 
by differences in the rate of blood flow, or by a simple delay of the radioactive 
bolus in collateral vascular channels. The presence of collateral circulation in 
some subjects with vascular occlusion may be a major reason why reliable diag- 
nostie criteria were not found in the present study. Significant collateral filling 
of the anterior cerebral arteries was readily demonstrated in 3 of the 5 patients 
with internal carotid occlusion when bilateral angiograms were obtained. The 
absence of any deformity in the recordings of radioactivity in patients with 
major cerebral arterial occlusion may indicate that significant collateral cireu- 
lation is present. Technical improvements, particularly the use of more probes 
with better localizing collimation, might prove to be of importance. The poor 
reproducibility of recordings reported in the present study is not adequately 
explained. Quantitation of the curve differences in terms of blood flow would of 
course be desirable. This has been approached in preliminary studies from the 
point of view of analysis of the degree of pulse distortion." 


Patients with cerebrovascular lesions were kindly referred by Drs. R.-R. Paterson and 
C. Wilson. 
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An approach to measurement of blood flow in 


intrahepatic shunts in cirrhosis of the liver 
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TOKITA, M.D., MASAMITSU WATANABE, M.D., TADASHI SATO, 
M.D., TOSHIMI SUZUKI, M.D., and TAKETSUGU KANEKO, M.D. 
Sendai, Japan 


The presence of intrahepatic shunts between 3 kinds of vessels in cirrhosis has 
been demonstrated by various investigators. The clinical significance of these 
shunts resides mainly in the marked reduction of blood flowing in an effective way 
through the liver so that the chemical blood constituents are poorly metabolized by the 
liver cell. This paper presents two methods of measurement of this shunting, utilizing 
the fact that galactose is extracted from the circulation by the healthy liver during the 
first transcirculation after injection. Both methods are easily employed clinically and 
differ from each other not in principle, but in execution and calculation of the results. 
One uses a single injection, while the other requires continuous infusion of galactose. 

The results obtained in healthy individuals, patients with cirrhosis, and patients with 
viral hepatitis are clearly significant. This test appears to be useful in the differentiation 
of type and severity of liver disease. 


L, cirrhosis of the liver, intrahepatic vessels undergo remarkable changes 
in combination with the development of fibrosis and regenerative. nodules, and 
anastomoses appear between the hepatic and portal veins as a part of these 
changes. Popper and associates,' using dye injection, demonstrated that the 
diameter of the communicating branches was as small as 10 to 70 pw. These 
branches were not observed in the resin cast specimen except in the region of 
coronary and faleiform ligaments. On the other hand, larger communicating 
branches were found by Mann and co-workers’ between the portal and hepatic 
veins in vinylite resin east of cirrhotic liver. Using acryl resin casts of cirrhotic 
liver we found the same kind of intrahepatic communicating branches in 
large numbers, most of which were 25 to 100 » in diameter. Some as large as 
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0.5 to 1.0 mm. were also found.’ In cirrhosis of the liver anastomoses also 
appear between the hepatic artery and the portal vein.*® If the portohepatie 
venous anastomoses are taken into consideration, it becomes clear that the blood 
of the hepatie artery can flow into the hepatic veins through the shunts. 

The formation of these intrahepatic shunts, large and small, in combination 
with the development of the extrahepatic portacaval shunts, markedly de- 
creases blood flow directly concerned with the intrahepatic metabolism. The 
supply of nutriments and oxygen to the liver cells is decreased, and, more- 
over, it is possible that noxious nitrogenous substances, which may be absorbed 
from the intestinal tract, bypass the liver and flow directly into the systemic 
circulation. These possibilities are of great significance in the clinical study 
of liver cirrhosis and hepatie coma. 


In this paper, two methods of measurement of the intrahepatic collateral 
blood flow by hepatic galactose clearance are proposed, and the clinical sig- 
nificance of the caleulated shunted blood flow with reference to the clinical 
and functional findings is discussed. 


Methods and subjects 


The methods we use to measure intrahepatic shunting of blood flow are based on the 
fact that galactose is extracted almost completely by a healthy liver in a course of a single 
transhepatie circulation when the arterial level of the sugar is below a certain limit. These 
methods consist of single intravenous administration of galactose and continuous infusion 
of the sugar. 


Single intravenous administration of galactose method. A catheter was inserted into 
the right hepatic vein through the basilie or cephalic vein of each fasting subject. Fifty 
per cent aqueous solution (0.5 Gm. per kilogram of body weight) of galactose was injected 
intravenously in a single dose. Blood was taken from the hepatic vein at successive intervals 
and also from the indwelling arterial needle previously placed in the brachial artery. Mixed 
venous blood was taken from a catheter inserted into the right auricle in cases in which 
the brachial artery was not used. In order to measure exactly the amount of galactose 
excreted into the urine, all urine passed during 22 or 42 minutes after the injection was 
collected by catheterization, and a correction was made allowing 2 minutes to eliminate the 
urine in the dead space of the urinary tract. The plasma galactose level was analyzed 
in each blood sample by the method presented later, and the disappearance curves in the 
artery and in the hepatic vein were plotted. 

As Tygstrup and Winkler? demonstrated, galactose administered to the organism is 
almost exclusively metabolized in the liver, only a part being excreted through the kidney, 
and the amount metabolized in other organs is negligible. 

Waldstein and Arcilla’ observed this phenomenon recently. They reported that, after 
single intravenous administration of galactose, peripheral blood concentration decreases 
linearly at first (designated as the first phase), and then the peripheral concentration curve 
shows the shape of a simple exponential (designated as the second phase). In other words, 
when the hepatic venous galactose concentration reaches zero, after the amount of galactose 
transported to the liver in a unit time has dropped below the removal maximum, the 
peripheral blood concentration curve changes to a form of a simple exponential (Fig. 1). 
Letting k, be the slope of the semilogarithmic curve of the peripheral concentration in the 
second phase, V the volume of distribution, and U,, the urinary clearance, Waldstein and 
Arcilla caleulate hepatic blood flow according to the followin equation: 


F — kV - Uz, (1) 

















Volume 58 Measurement of intrahepatic shunts in liver cirrhosis 457 


Number 3 


We have modified this equation to: 


k.V -_ Ver 
F — la 
0.4 x Het i 
de 100 
0.4 x Het 
wherein 1 — “ae is a correction for the ratio of the concentration of galactose in 


the blood to that in the plasma, caleulated from the distribution of the sugar in the plasma 
and in the corpuscles found by Tygstrup and Winkler.1° The slope of the semilogarithmic 
curve (k,) is caleulated from the half time (T,,) in the second phase of the peripheral 
galactose concentration curve: 

log.2 0.693 


T 1 My — T 1 ey 





The amount given (I) and the initial concentration (P,) which is obtained by extra- 
polating the peripheral concentration curve of the first stage gives the distribution volume: 
I 
Pp. 
U., is calculated utilizing the relationship that the amount of minute urinary excretion 





v= (3) 


is proportional to the plasma galactose concentration9: 


: U,/t 
Ua = 7 (4) 


9 


U, is the total amount of galactose excreted in the urine from beginning to t minutes after 
administration. P, and P, denoted the peripheral blood concentration at the beginning 
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Fig. 1. A, Reetilinear plot of the arterial (P) and the hepatic venous (#1) plasma concen- 
tration of galactose after single intravenous administration in a normal person. B, The same 
curve transposed to semilogarithmic paper. 








F " , J. Lab. & Clin. Med. 
458 Nakamura et al. September, 1961 


The procedure stated above is that of the authors in the United States and Europe, 
who caleulated the hepatic blood flow from the peripheral disappearance curve but did not 
consider the shunting of blood flow through intrahepatic collaterals. If there are intra- 
hepatic shunts between the portal and hepatic veins in liver cirrhosis, the concentration in 
the hepatic veins will not drop to zero level even in the second phase, i.e., galactose will flow 
into the hepatic veins through the shunts, and the galactose concentration curve of the 
hepatic veins in this stage also will take a form of a simple exponential. That this proves 
to be correct is shown in Fig. 2. 

Therefore, in the presence of intrahepatic shunts, equation Ja will not give the 
total amount of blood flowing through the liver, but will give the amount of blood which 
enters sinusoids in a unit time and, therefore, is functionally significant, i.e., effective hepatic 
blood flow (EHBF). 


Ry = Va 
EHBF — (5) 


0.4 x Het 
1 en 
100 ) 


According to equation 6, the extraction ratio (E) can be calculated from the galactose 
concentrations of peripheral and hepatic veins in the second phase. In this study it was 
actually obtained by calculating the average of the values at the first 3 points in the second 
phase, beeause the error of analysis is greater when the concentration is lower. Total hepatic 
blood flow (THBF) is calculated on the basis of equation 7 following the same prin- 
ciple as the Diodrast or para-aminohippurate (P.A.H.) clearance in renal physiology. 





, P-H 
Gta demgpintns (6 
P } 


EHBF 
THBF = ——— (7) 


We then caleulate the intrahepatic shunted blood flow (IHSBF) by subtracting EHBF 
from THBF. 


IHSBF — THBF —- EHBF (8) 


Continuous infusion method. As a matter of fact, it cannot be denied that the method 
employing single intravenous administration of galactose provides some difficulties, especially 
in calculating k, and V. For this reason we decided to use continuous infusion of galactose, 
although the principle of both the methods is the same. After intravenous injection of 5 
to 10 Gm. of galactose, an aqueous solution of galactose was infused at a constant rate 
through a peripheral vein using a continuous infusion pump. Arterial galactose concentra- 
tion was maintained at a constant level after 40 minutes, by keeping the minute infusion 
rate (Im) smaller than the minute removal maximum (Lm) (Figs. 3 and 4). By this means, 
effective hepatic blood flow was calculated by the following equation: 


Im — Um 


r 0.4 x Het 
1 en 
100 ) 


In this equation, Um and P describe the minute urinary excretion and the average arterial 
plasma concentration, respectively, when no conspicuous fluctuation of the latter was noticed. 
Total hepatic blood flow and intrahepatic shunted blood flow were then calculated using 
equations 6 through 8. 


EHBF — 





(9) 


MEASUREMENT OF GALACTOSE. Oxalated plasma was deproteinized by Somogyi’s method.11 
Solutions deproteinized and diluted to 10 volumes at the same time were analyzed by our 
modification of Fischer’s method.12 According to the original method the reaction was 
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earried out in the cells of a spectrophotometer. However, heating or cooling of the solutions 
in the thick-walled cells was accompanied by considerable difficulties, so that test tubes 
(18 by 200 mm. in size) were employed and the amount of the samples and all the reagents 
added were reduced to one-half. In this way, the mixing was carried out successfully in 
an ice bath without the use of N, gas. In contrast to the original method, standard solutions 
of galactose and glucose were run at the same time, for the sake of reproducibility. Urine 


Table I. Recovery of galactose from standard solution 











Sugar present Densities Galactose found 
(mg.) Dio x 108 | Disa x 108 (mg.) | (%) 
Glucose 
0.025 35 25 -—0.001 
0.050 62 48 0.000 
0.100 120 91 —0.001 
Galactose 
0.005 8 20 0.006 120 
0.013 32 50 0.012 92 
0.025 90 124 0.024 96 
0.038 105 165 0.037 97 
0.050 138 222 0.051 102 
0.075 227 332 0.069 92 
0.100 330 475 0.096 96 


Glucose plus galactose 


0.050 + 0.005 102 90 0.005 100 
0.050 + 0.013 117 120 0.014 108 
0.050 + 0.025 137 160 0.024 96 
0.050 + 0.038 176 217 0.036 95 
0.050 + 0.050 209 272 0.051 102 
0.050 + 0.075 310 410 0.075 100 
0.050 + 0.100 395 523 0.096 96 





Table II. Reeovery of galactose added to human blood plasma 























Experiment No. 1 Experiment No. 2 
Densities Recovery Densities Recovery 

Plasma Galactose | Dj X 108 | Deo x 103|\ (mg. )| (Yo) \Diro X 103 | D sy X 103 | (mg. ) (%) 
1 ml. plasma I 72 85 —0.01 
1ml.plasmaI + 0.10 mg. 92 126 0.10 100 90 128 0.11 110 
1ml.plasmaI + 0.20 mg. 107 166 0.21 105 120 178 0.19 95 
1 ml. plasma IT 140 170 0.01 
1ml.plasmaII + 0.30 mg. _— — _- — 192 280 0.31 103 
1ml.plasmaII + 0.40 mg. 212 325 0.40 100 209 312 0.38 95 
1ml.plasmaII + 0.50 mg. 233 272 0.52 104 215 344 0.50 100 
1 ml. plasma IIT 87 104 0.00 
1 ml. plasma IIIT + 1.00 mg. 299 532 1.00 100 300 512 0.98 98 


1 ml. plasma IIIT + 1.50 mg. 408 740 144 96 309 610 1.45 97 
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Fig. 2. A, Reetilinear plot of the arterial (P) and the hepatic venous (17) plasma concen- 
tration of galactose after single intravenous injection in a cirrhotic patient. B, The same 
curve transposed to semilogarithmic paper. 


was prepared and analyzed by the same method, but the filtrate was diluted to 20 volumes 
before analysis. Table I shows the observed values for known amounts of glucose, galactose, 
and a mixture of both calculated by this method. Except at values of 0.005 mg. the tech- 
nical error never exceeded 10 per cent in the concentration range of the samples described 
here. The recovery rates of known amounts of galactose added to the human plasma are 
given in Table II. As the loss in the procedure of deproteinization and the influence of 
other substances in the blood were small, the errors were within acceptable limits. 


SUBJECTS. The subjects given a single intravenous injection of galactose were 2 healthy 
persons, 7 patients with cirrhosis (including one with fatty liver cirrhosis and one 
patient with biliary cirrhosis). One healthy person and 15 patients with cirrhosis (one of 
whom had a hepatoma) were studied by continuous infusion. In addition, 7 patients with 
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viral hepatitis and one with a fatty liver were studied by both methods. In patients with 
ascites, k, does not represent the true disappearance constant, so that such cases were not 
reported by Waldstein and associates.13 In our single injection group, accordingly, these 
patients were tested by us after withdrawal of ascitic fluid, but in the continuous infusion 
group the intrahepatic shunted blood flow could be caleulated by our method using the points 
after 60 minutes or more, because the galactose concentration in the ascites attained the 
same concentration as it did in the hepatic veins in the later stage. In all subjects, the main 
clinical signs and symptoms, the results of the liver function tests, and the histologic findings 
obtained by biopsy were studied in relation to the blood flow in intrahepatic shunts. 
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Intrahepatie shunted blood flow by galactose clearance method 









































| Total Effective Intrahepatic 
| hepatic hepatic shunted blood Extraction 
| | blood flow blood flow flow ne 
| ml./ ml./ ml./ second phase 
Pa- Age minute / minute/ minute/ Meth- 
tient | Sex (years) M.2 M.2 M.2 | (%) (%) od* 
Control 
ym SF M 36 857 857 0 0 100 Ss 
Fa, M 31 617 617 0 0 100 bs) 
G. K. M 42 781 781 0 0 100 C 
Liver cirrhosis 
Mild 
rh M 55 796 796 0 100 Ss 
S. O. M 45 (fatty L.C.) 784 629 155 20 80 Ss 
M. K. M 43 893 893 0 0 100 Y 
M.M. M21 698 607 91 13 87 C 
Y.K. M 63 535 477 58 11 89 C 
Moderate or advanced 
T. ©. M 48 725 305 420 58 42 Ss 
K. B. M 32 216 123 93 43 O7 $s 
i # F 49 489 108 381 7 22 Ss 
S. H. M 45 581 180 401 69 Ss 
MO. M 18 (biliary 999 553 446 45 5 Ss 
L.C.) 
OoW. M 48 610 268 342 56 44 Cc 
M.K. M 55 (with 435 287 148 34 66 C 
hepatoma) 
S. H. M62 341 279 62 18 82 C 
ye F F 69 424 126 298 70 30 . 
a. 2 M 52 572 298 274 48 52 C 
fe # M_ 59 1,122 255 867 74 26 C 
K.H. M 42 426 226 200 47 53 C 
TM. «OM OSs 698 407 291 42 58 Cc 
A. O. F 17 780 390 390 50 50 C 
S. 8. M 56 316 294 22 7 93 C 
J. ¥. M 38 669 281 388 58 42 Cc 
H.S. M 58 1,015 355 660 65 35 C 
Mean 642 370 272 4] 59 
Viral hepatitist 
R. N. M 23 (i.s.) 1,166 501 665 57 43 Ss 
KA. F 55 (i.s.) 452 140 312 69 31 8 
J.N. M 23 (i.s.) 656 656 0 0 100 Ss 
K.K. M 25 (i.s.) 1,195 1,195 0 0 100 C 
pv * M_~ 24 (e.s.) 759 759 0 0 100 Ss 
T. M. M50 (p.h.) 539 539 0 0 100 Cc 
M.E. F 25 (¢.h.) 512 512 0 0 100 C 
Fatty liver 
3 M 41 651 651 0 0 100 C 





*S, Single administration method; C, continous infusion method. 
ti.s., Icteric stage; c.s., convalescent stage; p.h., prolonged hepatitis; c.h., chronic hepatitis. 
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Results 


To illustrate the actual methods used to measure blood flow in the intra- 
hepatic shunts, 4 typical experiments are presented below. 

1. Subject T. G., a healthy person, was studied by the single intravenous 
injection of galactose (Fig. 1). The figure shows that the arterial and the 
hepatic venous curves are almost straight in 20 to 40 minutes (the first phase), 
and that in 40 to 60 minutes the arterial concentration curve takes the form 
of a simple exponential curve (the second phase). Hepatic venous concen- 
tration being almost zero, no blood is shunted, and the total hepatie blood 
flow equals the effective hepatic blood flow. 





k.V -— VU, ] 
EHBF — x 
0.4 x Het surface area 
1 —_ oe 
100 
0.0745 «x 14,000 — 124 ] 








0.4 x 39 1.27 
100 


= 875 ml. per minute per M2. 


= THBF - EHBF 
= 875 ml. per minute per M2. 


2. Subject T. O. had cirrhosis of the liver (Fig. 2). While the arterial 
concentration is obviously exponential in the second phase (40 to 60 minutes), 
the hepatie venous concentration does not drop to zero. The extraction ratio 
ealeulated from the galactose concentration in the artery and in the hepatic 
vein is 42 per cent. The intrahepatic shunted blood flow ean be ealeulated 
by the next equations: 





k.V — U,, ] 
EHBF — x 
( 0.4 x Ue, ) surface area 
Oe Sat 
100 
0.0289 x 13,600 — 15 1 
a x 








0.4 x 36 1.45 
1 a 
( ‘ 100 


= 305 ml. per minute per M2. 
EHBF 
E 


THBF — 


305 





0.42 


= 725 ml. per minute per M2. 
IHSBF — THBF - EHBF 
= 420 ml. per minute per M2. 


3. Subject G. K., a healthy person, was studied by the continuous infusion 
method (Fig. 3). From 40 to 70 minutes after beginning of infusion, the 
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Fig. 6. Relationship between the per cent intrahepatic shunt and the serum albumin and 
gamma globulin level in 22 cases with liver cirrhosis. 
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Fig. 7. Seattergram of the relation of per cent intrahepatic shunt to the wedged hepatic 
venous pressure in 2 cases of liver cirrhosis. The open circles refer to patients without history 
of hepatitis; the closed circles refer to patients with history of hepatitis; x refers to patients 
with history of drinking 3 go (1 go=180 ml.) or more sake (Japanese fermented liquor 


made from rice containing 15 per cent alcohol) daily for 10 years or more. 
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arterial plasma galactose concentration shows no significant fluctuation, and 
the hepatic venous concentration is maintained at almost zero level. 


EFHBF — THBF 




















Im — Um I 
ae 0.4 x Het \ ‘surface area 
( ) 
100 
231 -— 13 1 

a x 

0.4 x 40 1.51 
0.22 x § 1- mene 
100 


= 781 ml. per minute per M2. 


4. Subject A. O. had cirrhosis of the liver, and was studied by the con- 
tinuous infusion method (Fig. 4). The graph shows that the plasma galactose 
in the hepatic vein does not reach to the zero level, representing the existence 
of the intrahepatie shunted blood flow. 





Im — Um 1 
EHBF — — X ——— 
0.4 x Het surface area 
P x atiatiat readied 
100 ) 
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0.4 x 30 1.48 
0.36 x l 6 eS 
100 


= 390 ml. per minute per M2. 


EHBF 
THBF — —___ 
E 
390 
0.50 


= 780 ml. per minute per M2. 
IHSBF — THBF - EHBF 
= 390 ml. per minute per M2. 


With the 2 above-mentioned methods almost the same results were obtained, 
so that the results by each method are presented together in Table III. 

In healthy persons the extraction ratio was 100-per cent in the second 
phase, thus no measurable shunted blood flow was calculated. 

In patients with liver cirrhosis in minimal degree, 0 to 155 ml. per minute 
per mm.” or 0 to 20 per cent of the total hepatie blood flow was ecaleulated as 
the intrahepatic shunted blood flow, and in moderate or advanced eases it was 
22 to 867 ml. per minute per M.? or 7 to 78 per cent of the total hepatic blood 
flow. 

Our experiments with the cases of viral hepatitis gave no intrahepatic 
shunted blood flow in chronic, prolonged or convalescent stages. On the con- 
trary, of 4 cases in the icteric stage of acute hepatitis, 2 showed 57 and 69 
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per cent of the total hepatie blood flow as the intrahepatic shunted blood flow. 
There was no ealeulated intrahepatic shunted blood flow in the patient with 
fatty liver. 

Among the clinical signs and symptoms, ascites was well correlated with 
the degree of the intrahepatic shunt. The difference between mean per cent 
shunt in the ascitic group (60 per cent) and that of the nonascitie group (28 
per cent) was statistically significant (Fig. 5). 

The per cent shunt was related well to the degree of retention of bromsul- 
phalein, the results of 4 kinds of flocculation tests (thymol turbidity, cephalin- 
cholesterol flocculation, thymol flocculation, and Gros), serum alkaline phos- 
phatase activity, and plasma mucoprotein level. The group with lower than 3 
Gm. per cent of serum albumin showed higher values for per cent shunt, and 
the degree of hypergammaglobulinemia was correlated most significantly to the 
degree of the intrahepatic shunt (Fig. 6). 

No parallelism was found between the degree of intrahepatic shunt and 
the arterial ammonia level reached in fasting subjects. Also, no correlation 
was found grossly between the wedged hepatic venous pressure and the degree 
of shunt, but in 6 patients with high aleohol intake significant correlation was 


found between the wedged hepatic venous pressure and the per cent shunt 
(Fig. 7). 


Discussion 


Our methods of measurement of blood flow in intrahepatic shunts are 
based on the fact that in the second phase galateose is extracted completely by 
a healthy liver but not by a cirrhotie liver. In liver cirrhosis blood is flowing 
through not only intrahepatic collateral pathways, but also is perfusing the 
relatively large mass of funetionless tissues; for example, pathologic sear 
tissue and foci of necrotic parenchyma. Moreover, dysfunction of the indi- 
vidual liver cells, such as impaired permeability and reduced galactose-trans- 
forming activity may possibly reduce the extraction ratio as well. In the 
present study, it was observed that a depressed extraction ratio was found also 
in the icteric stage of viral hepatitis. Almost the same result was reported 
recently by Tygstrup and Winkler’ although their method and principle differ 
from ours. We suppose the most important factor reducing the extraction 
ratio in hepatitis is dysfunction of the individual liver cells. In cirrhosis of 
the liver there must be functional disturbance of the liver cells to some degree, 


thus this factor cannot be neglected in evaluating the results caleulated by 
our methods. 


The development of the intrahepatic vascular shunts may play a role in 
depressing hepatic function by reducing further the effective hepatic blood 
flow in addition to the already lowered total hepatic blood flow in liver cirrhosis. 
Consequently, it follows that the degree of shunt correlates well with the results 
of liver function tests which supposedly reflect parenchymal function. Another 
possible explanation accounting for this correlation appears to be the intimate 
relationship between the development of intrahepatic collateral pathways and 
the parenchymal necrosis which inevitably results in hepatie dysfunction. 
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The fact that there is no relationship between the degree of the shunt 
and the wedged hepatic venous pressure, at least in cases of posthepatitie liver 
cirrhosis, leads us to consider that the formation of intrahepatic vascular anas- 
tomoses does not necessarily result from portal hypertension. In postnecrotic 
cirrhosis, 2 possibilities are considered: first, that some of the sinusoids sur- 
rounded by necrotic parenchyma become the precursors of the pathologie com- 
municating branches, and, second, that the blood perfusing functionless tissues 
is caleulated as a part of the intrahepatic shunted blood flow. For these 
reasons, a large intrahepatic shunt is calculated, especially in those eases of 
recent disease which do not always have portal hypertension. On the other 
hand, in the patients with high aleohol intake, the degree of the intrahepatic 
shunt appears to inerease in parallel with the elevation of the portal pressure. 


High blood ammonia concentration is noted in hepatic damage, especially 
in hepatic coma, and many factors are considered to contribute to this finding. 
Of these, the development of the portacaval collateral circulation and hepatic 
failure are supposedly most important.’‘ From our studies, it appears that in 
some cirrhotic patients the intrahepatic shunted blood flow plays a greater role 
in elevating the blood ammonia concentration than the 2 factors quoted above. 
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The biliary dynamics of the metabolites of 


sulfobromophthalein sodium (BSP) in man 


L. 8S. MONROE, M.D., and A. L. KITTINGER, M.S. 
La Jolla, Calif. 


The excretion of sulfobromophthalein was studied by chromatographic techniques in a 
group of 18 patients with biliary fistula who had both normal and abnormal liver func- 
tion. Impaired liver function was accompanied by a delay in the appearance time and 
a low biliary concentration of the dye. The relative proportion of the sulfobromophthalein 
metabolites excreted in the bile varied markedly according to a general pattern, and 
Fractions I and IV were inversely related. 

Florantyrone appeared to change the excretory pattern, depressing the relative proportion 
of Fraction IV and increasing the initial proportion of Fraction I. The rate of trans- 


formation of sulfobromophthalein into its metabolites varied according to the functional 
status of the liver. 


‘. recent years there has been increasing evidence that sulfobromophthalein 
sodium (BSP) undergoes molecular changes in the process of exeretion. In 
animal experiments Krebs and Brauer' have demonstrated the dye to be ex- 
creted in the bile in chemical forms predominantly different from the injected 
BSP. The metabolism of BSP in human beings has been confirmed? with the 
identification of at least 3 fractions appearing in bile which are chromato- 
graphically distinct from the crystalline dye. The nature of the chemical changes 
has as yet not been determined; however, several observers have reported nin- 
hydrin-positive fractions, suggesting conjugation with amino acids or peptides. 

Carbone and associates* * have reported the identification of glycine, glu- 
tamie acid, and cysteine after acid hydrolysis and have suggested a possible 
conjugation with glutathione or a mereaptide formation with cysteine or gluta- 
thione. Meltzer and co-workers’ identified alanine, glycine, and glutamie acid 
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after hydrolysis; and Combes* * reported the conjugation of BSP with glutamic 
acid and glycine, and later,’ with glutathione. It is probable that the difficulties 
in isolation of pure BSP derivatives from the bile are of sufficient magnitude 
to preclude a final opinion at this time regarding the nature of the chemical 
composition of BSP metabolites. ; 


During an attempt to correlate BSP metabolites with various liver diseases, 
marked variations were found in the relative proportion of the chromatographic 
fractions in relation to the time of excretion. The purpose of this study was to 
determine the effects of time on the fraction ratios. 


Materials and methods 


A series of 23 studies was made on 18 patients ranging in age from 25 to 86 years. 
All were recovering from choledochotomy and were from 12 hours to 30 days postoperative. 
The patients were divided into 2 groups, the ‘‘normals’’ being a group of 9 having no gross 
abnormalities of the liver noted at surgery, normal liver function studies (BSP 5 mg. per 
kilogram body weight, total bilirubin, alkaline phosphatase, and thymol turbidity), and a 
recovery period of 5 or more days after surgery. The remaining 9 patients had abnormal 
liver function studies and clinical evidence of hepatic dysfunction from a variety of causes, 
including biliary and portal cirrhosis and the effects of recent surgery. 

During 20 minute periods bile was allowed to collect and pool from the T-tube. Such 
20 minute samples were taken for a minimum of 2 hours after the intravenous administration 
of BSP (5 mg. per kilogram body weight). Volumes were recorded and the concentration 
of dye measured colorimetrically. The appearance time of the dye was judged by the color 
change following alkalinization of a drop of bile. 

Separation of BSP metabolites was accomplished by means of partition chromatography, 
using an adaptation of the method of Krebs and Brauer.1 Preliminary studies of various 
types of alumina (Woelm-anionotropic, -cationotropic, and neutral and Alcoa F20) resulted 
in our choice of Woelm-cationotropic. This alumina gave better recovery, sharper peaks, 
better definition of fractions, and more consistent results. Although many developing solu- 
tions were investigated, the solution of Krebs and Brauer was found to be the most efficient. 

Single phase paper chromatography was done using Whatman No. 1 paper (22 by 18 
inches) in a descending system with t-butanol:formic acid: water (300:8:100) as the moving 
phase. Separation was usually complete in 40 hours. When investigating ninhydrin-reacting 
compounds, free amino acids and peptides were removed by passing the bile through a Dowex- 
50 column (acid form—200 to 400 mesh). 


Results 


Appearance time. The first appearance of BSP in the bile varied consider- 
ably; however, there was a relationship between the time of appearance and the 
clinical status of the patient. In the ‘‘normal’’ group the dye was first detectable 
in 5 to 20 minutes, with a mean of 13.5 minutes (standard error + 1.6). In the 
‘‘abnormal’’ group appearance time ranged from 10 to 76 minutes, with a mean 
of 33.4 minutes (standard error + 6.6). The 2 groups have a significant difference 
(p < 0.02). In 2 elderly patients with marked BSP retention and with in- 
dwelling catheters in place, BSP appeared in the urine before it did in the bile. 
In the first patient, an 86-year-old woman with 45 minute BSP retention of 
34 per cent, BSP was first detectable in the bile in 76 minutes but appeared in 
the urine in 34 minutes. In the second patient, an 80-year-old man with a 45 
minute BSP retention of 33 per cent, appearance time in the bile was 58 minutes 
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Fig. 1. Changes in the total concentration of BSP compared to the relative proportion of the 
metabolized fractions excreted in the bile of a patient with normal liver function. 
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and in the urine 39 minutes. The latter patient was studied serially and, after 
considerable clinical improvement (BSP retention, 13 per cent), had a bile 
appearance time of 24 minutes and a urine appearance time of 29 minutes. 
In all patients studied serially the time which elapsed between the injection’ of 
the dye and its appearance in the bile decreased with clinical improvement. 

Bile BSP concentration. Although collection from a T-tube may not repre- 
sent the total bile excreted, comparative bile-BSP concentrations showed a 
highly significant difference (p < 0.001) between the’ 2 groups of patients. 
In the ‘‘normal” group the range of concentration over a 2 hour period was 
from 1.38 to 4.56 mg. per milliliter of bile, with a mean of 2.94 mg. per milli- 
liter (standard error + 1.02). In the ‘‘abnormal’’ group the range over a 2 hour 
period was from 0.27 to 1.69 mg. per milliliter of bile, with a mean of 0.74 mg. 
per milliliter (standard error + 0.54). 

The total dye excreted from the T-tube in 2 hours ranged from 47 to 77 
per cent of the injected dye, with a mean of 61 per cent (standard error + 11) 
for the ‘‘normal’’ group. For the ‘‘abnormal’’ group the range was 12 to 29 
per cent, with a mean of 23 per cent (standard error + 6.5). There was a highly 
significant difference (p < 0.001) between the 2 groups. | 

Metabolized fractions. Both paper and column chromatography showed 4 to 
5 fractions. These were designated I, II, III, IV, and V, in the order of their 
chromatographic mobility. Fraction I, in both systems, was identical to pure 
BSP. All fractions have identical absorption spectra, with the peak at 585 mu. 

During the period of observation (from 2 to 6 hours), the following changes 
in the distribution ratio of the dye were observed: Fraction I decreased rapidly 
and progressively; Fraction II remained relatively constant or decreased 
slightly; Fraction III increased slowly and progressively; Fraction IV increased 
rapidly and progressively; Fraction V appeared only in the “normal” group, 
no sooner than the 80 minute specimen, and increased gradually. 

. The characteristic changes in the relative proportion of the individual frae- 
tions in a ‘‘normal’’ patient are graphed in Fig. 1. The most rapid changes, 
inversely related, occurred in the distribution ratio of Fractions I and IV. 
Despite the wide range of concentrations, the general pattern of change in the 
fractions was similar in both the ‘‘normal’’ and ‘‘abnormal” groups. However, 
the rate of change in the distribution ratio of Fractions I and IV was more 
rapid in the ‘‘normal’’ group. 

Four patients were studied at intervals during which improvement in liver 
function occurred. The rate at which the relative proportions of the various 
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fractions changed increased with improvement. In Fig. 2 Fraction I in a jaun- 


diced patient (serum bilirubin, 2.6 mg. per cent) is plotted against the remain- 
ing fractions. Fig. 3 is a similar plot of the same patient made after 10 days, 
at which time the serum bilirubin had become normal and the 45 minute BSP 
retention was 3 per cent. In all cases so studied the relative proportion of Frae- 
tion I initially present in the bile increased with improvement in liver function, 
whereas the initial proportion of the combined remaining fractions decreased 
with improvement. 
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Figs. 2 and 3. The relative proportion of Fraction I plotted against that of the remaining 
biliary metabolites in a patient with abnormal liver function (Fig. 2) and following recovery 


(Fig. 3). 
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Figs. 4 and 5. Changes in the relative proportion of biliary BSP fractions with (Fig. 4) and 
without (Fig. 5) florantyrone. 








rj — ratte ° J. Lab. & Clin. Med. 
474 Monroe and Kittinge? a ae 








In 4 patients taking florantyrone by mouth, the most rapid changes, opposite 
in trend, oceurred in Fractions I and III rather than in Fractions I and IV, as 
was usual. A higher initial proportion of Fraction I was observed in the presence 
of florantyrone. In such eases Fraction IV remained relatively stable. These 4 
were again studied without florantyrone, and under this cireumstance the usual 
relationship between Fractions I and IV was noted. Figs. 4 and 5 demonstrate 
the relative proportions of the fractions with and without florantyrone. In one 
patient so studied a similar change in pattern was observed following the intra- 
venous injection of sodium dehydrocholate. 


Discussion 


The distribution and rate of removal of BSP from the body are better under- 
stood than the metabolic transformation and excretion of the dye. When in- 
jected intravenously, the dye combines with the serum albumin fraction and is 
removed from the blood ‘at a constant rate® until low concentrations are reached. 
Hepatie extraction by the polygonal cells accounts for approximately 80 per 
cent of the dye removed from the cireulation, and variable but significant 
amounts ean be found within the muscles, gastrointestinal tract, fat, and kid- 
neys.'® Hepatie storage occurs in amounts proportional to plasma concentration, 
following which the dye is exereted into the bile by a rate-limited transfer 
mechanism.'! Our data support that of Cantarow and Wirts,’? who found that 
abnormal excretion of the dye was evidenced by a delay in the entrance into the 
bile and a subnormal biliary concentration of the dye. In 2 of our patients with 
markedly abnormal liver function and elevated BSP retention, the dye appeared 
in the urine before the bile. This situation reversed itself following improvement 
in liver function and is interesting in view of the results of Rosenau and col- 
leagues,'® who suggest in their work with the hepatectomized dog that the kidney 
execretes and metabolizes a small but significant amount of BSP. 

The presence of BSP metabolites in the bile,’ * ** ** blood,® ** and 
urine? ** has been repeatedly documented. Carbone and associates'® and 
Higgins and co-workers’ report to have identified BSP metabolites and to have 
related these to specific disease states. The studies on human bile reported herein 
indicate that the change in the relative proportion of the metabolites follows a 
general pattern—particularly in the relation of Fractions I and IV. The biliary 
concentrations of such metabolites at any given time are probably related to the 
functional status of the liver as well as to the time of sampling following in- 
jection of the dye. 

In patients studied in serial fashion (a group of 4), the rate at which the 
proportion of Fraction I decreased, as indicated by the slope of the plotted 
curves, had relation to the functional status of the liver. Figs. 2 and 3 demon- 
strate such changes in a patient during hepatic dysfunction and following 
normalization. In these cases with a high biliary concentration of the dye and 
‘‘normal’’ liver function, there was a high initial proportion of Fraction I, 
a low initial proportion of the remaining fractions, and a high gradient of the 
plotted curves; whereas with ‘‘abnormal’’ liver function, the reverse was found. 
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There is evidence that suggests an interrelation of BSP fractions found in 
the bile. Krebs'* isolated bile-type fractions from the rat and, following their 
injection, studied the pattern of re-execretion. With his technique he coneluded 
that, in the rat, Fraction II was derived from Fraction III, which in turn .was 
derived from Fraction I (chromatographically similar to pure BSP). The in- 
verse relationship of Fraction I in the human bile with the remaining fractions 
(Figs. 2 and 3) may be of significance in this light. The higher initial propor- 
tion of Fraction I in normal subjects is as yet unexplained but could represent 
a rapid initial secretion of unaltered BSP prior to conversion to other fractions 
or could result from deconjugation prior to biliary excretion. An interrelation 
of fractions was also suggested in 4 of our patients, all taking florantyrone. The 
‘apid and inverse changes in the relative proportions of Fractions I and IV did 
not occur but were replaced by rapid and inverse changes in the relative pro- 
portions of Fractions I and III (Figs. 4 and 5) and an inerease in the relative 
proportion of Fraction I initially observed in the bile. A similar change in pat- 
tern was noted in one patient given sodium dehydrocholate. The effect of these 
hydrocholereties is interesting in view of the inhibitory effect of sodium de- 
hydrocholate on the disappearance rate of BSP from the blood'* ** and suggests 
that interference with the usual pathway of excretion occurs. 

Knowledge of the nature of BSP metabolites and the transfer mechanisms 
involved in their production and excretion will probably extend the usefulness 
of the dye as a diagnostic tool and enhance our understanding of liver physi- 
ology. However, it is evident that any attempt to correlate the concentration of 
a BSP metabolite in the bile (and most probably the blood also) with a given 
disease process, must take into consideration the time elapsed after injection 
of the dye. 
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Laboratory methods 





A quick and accurate method for the determination of 


fibrinogen in plasma 


B. C. ELLIS, M.B., B.CH., D. CLIN. PATH. (RAND),* and A. STRANSKY, 
B.Sc. (RAND) Johannesburg, South Africa 


A new method is described for the determination of fibrinogen in plasma. It is based 
upon the photoclectric measurement of the turbidity produced when fibrinogen is poly- 
merized by the action of thrombin. The method is quick, easy to perform, and accurate 
to within approximately 5 per cent over a wide range of fibrinogen concentration. 


Many different methods have been reported for the measurement of 
fibrinogen in plasma. However, only a few are suitable for routine use in the 
clinical laboratory, and none are entirely satisfactory. The method of Ratnoff 
and Menzie,? in common with all techniques which depend upon fibrinogen or 
fibrin separation, is accurate but time-consuming. On the other hand, the 
ammonium sulfate turbidity method of Parfentjev** is rapid and easy to 
perform, but is at best only semiquantitative. In addition, it is unable to measure 
levels below about 90 mg. per cent. The clot density method of Losner and 
associates’ suffers the same disadvantage. This is a serious limitation because it 
is often at such levels that reliability is most desired, e.g., to establish the 
diagnosis of hypofibrinogenemia. There is, therefore, a need for a technique 
which is convenient and at least reasonably accurate over the very wide range 
of plasma fibrinogen levels that are encountered clinically. 

In this report a new method is presented. In principle it depends upon the 
photoelectric measurement of the turbidity that results when fibrinogen in 
plasma is polymerized by the action of thrombin. It has been recognized for a 
long time that there is a linear correlation between the fibrinogen concentration 
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and the degree of turbidity after clotting has oceurred. This principle is the 
basis of several reported techniques*= but none of them are accurate; they fail 
to account for the profound effect of certain variables on the turbidity develop- 
ment. By the control of these a high degree of reproducibility and correlation 
exists between the fibrinogen concentration and the turbidity. The method is 
quick and easy to perform, either singly or on many samples at onee, and is 
accurate over a wide range. 


Materials and methods 
Reagents. 
1. BARBITONE-SALINE BUFFER, 0.1 M, PH 7.2. Sodium chloride (2.93 Gm.) and 5.71 Gm. 
sodium barbitone are dissolved in about 800 ml. water, 22.3 ml. 1.0 N-hydrochlorice acid is 


added, and the solution is made up to 1 L. with water. Sodium chloride contributes half the 
molarity (pH 7.22 + 0.02) of this solution. It keeps well when refrigerated. 

2. CALCIUM-THROMBIN SOLUTION. Thrombin* is diluted to 33.8 units per milliliter with 
0.85 per cent sodium chloride solution (saline) and one part of this is mixed with an equal 
volume of 3.38 M calcium chloride solution. One drop of this combined solution, delivered 
from a flat-tipped size 21 hypodermic needle, contains 0.025 mM. calcium chloride 
and 0.25 unit thrombin in a drop volume of 0.0148 ml. The solution can be kept conveniently 
in a dropper bottle, the glass pipette being replaced by the needle. The stock 
thrombin (1,000 units per milliliter) and stock calcium-thrombin solutions in our study kept 
well for longer than 6 months when frozen at —20° C. In reference to the present method, 
there was no detectable deterioration in the activity of the working calcium-thrombin solution 
over a period of at least 3 months’ storage at —20° C., despite repeated thawing and re- 
freezing each time it was used. 

Collection of plasma. Five milliliters of blood is added to one drop (about 0.05 ml.) 38 
per cent sodium citrate solution in a 4 by % inch tube, mixed, the tube centrifuged in an 
angle centrifuge at about 3,000 r.p.m. for 10 minutes, and the plasma separated. 

Procedure using the Evelyn photometer. Buffer (11.0 ml.) and 1.0 ml. plasma are intro- 
duced into one of a pair of acid-cleaned matched photometer tubes. The solution is mixed 
by swirling and 6.0 ml. is transferred to the other tube. Two drops of calcium-thrombin 
solution are added to the ‘‘test’’ from the calibrated needle-dropper, which is. held vertically, 
and the drops allowed to fall onto the surface of the plasma dilution. The time is noted and 
the solution mixed by swirling for 10 to 15 seconds (not more), care being taken to avoid 
bubbles. The tubes are placed vertically in a rack and left undisturbed. After 20 + 1 minutes 
turbidity of the ‘‘test’’ solution is read against its corresponding blank in the Evelyn 
photometer, using the 6 ml. volume aperture and a 470 my filter. From the L value (corrected 
for galvanometer deviation from true linearity) fibrinogen concentration is calculated as 
follows: 

plasma fibrinogen = (Ly. x Kg) mg. per cent, where Kz = 1.20 x 103. 
Ky, is a constant, but only when Ly, is below 0.4 (i.e., when galvanometer light transmission 
is above 40 per cent). When this Ly, value is exceeded either the results are read off a 
calibration curve or the test is repeated with a saline dilution of the plasma. 

Procedure using the Unicam spectrophotometer (SP600). Plasma (0.5 ml.) is added to 
5.5 ml. buffer in a test tube and the solution mixed by inversion. Three milliliters are 
transferred to the ‘‘test’’ cell (1 em.2) and the remainder poured into the corresponding 
calibrated ‘‘blank’’ cell. One drop of the calecium-thrombin solution is added to the ‘‘test,’’ 
which is mixed by inversion for 10 to 15 seconds. After 20 + 1 minutes the optical density 
of the ‘‘test’’ is read against the ‘‘blank’’ at 470 my wavelength. Fibrinogen concentration 
is calculated as follows: 

plasma fibrinogen = (OD,,., x K,) mg. per cent, where K, = 1.05 x 103. 
K, is a constant even when OD,,, is as high as 0.8. 


*Parke, Davis and Co., Detroit, Mich. 
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Fig. 1. Lio values of 6 tests on the same plasma (fibrinogen 233 mg. per cent) where dif- 
ferent amounts of thrombin were added to each. The points fall within 1 per cent of a 
straight line xy. The value at x is 5.5 per cent higher than at y. Additions of 0.5 units 
thrombin were chosen for the method. 
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Fig. 2. Ligo values of 6 tests on the same plasma (fibrinogen 296 mg. per cent) where dif- 
ferent amounts of calcium were added to each. The addition of 0.0125 to 0.05 mM. CaCl, 
produced nearly identical degrees of turbidity. Additions of 0.05 mM. CaCl, were chosen 
for the method. 
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Choice of conditions for the test. Experiments were made to define and limit the in- 
fluence of certain variables on the test turbidity. The results, presented in this section, were 
the basis for final establishment of the test method. The Evelyn photometer was used except 
where noted. 

A. OPTIMAL AMOUNT OF THROMBIN. When large amounts of thrombin were added, e.g., 
50 units, the rate of clotting in the test solution was so rapid that adequate mixing was not 
possible and the eventual turbidity appeared streaky and uneven. Furthermore, retraction of 
the clot tended to oceur which caused error in the turbidity reading. However, when 0.06 to 
1.0 units were added, turbidity began to develop at about 1.5 to 2 minutes, in which time 
adequate mixing was possible. The resulting turbidity appeared homogeneous, clot retraction 
never occurred, and the light value was higher than when larger amounts of thrombin were 
used. Six tests were done on the same plasma, with different amounts of thrombin added to 
each. In other respects the test method was the same. The L,. values are shown in Fig. 1. 
Since varying the thrombin additions within the range 0.0625 to 1.5 units produced only 
slight differences, it was concluded that thrombin standardization was unnecessary, and 0.5 
units of thrombin was chosen for the test method. When calcium chloride was added without 
thrombin, the characteristics of the turbidity development were entirely different and, ir- 
respective of the amount added, the degree of turbidity at 20 minutes was always much 
less than when optimal quantities of thrombin and calcium were used. 

B. OPTIMAL AMOUNT OF CALCIUM. Six tests were made on the same plasma with different 
additions of calcium chloride to each (Fig. 2). In other respects the test method was the 
same as previously outlined. The addition of 0.0125 to 0.05 mM. calcium chloride produced 
nearly identical degrees of turbidity, which were more than twice the value obtained when 
none was added. Calcium chloride (0.05 mM.) was chosen for the test method. 

C. OPTIMAL TIME FOR READING TURBIDITY. Measurements of the rate at which turbidity 
developed within the first hour were taken with the Unicam SP600 (Fig. 3). No measurable 
change occurred within the first 1.5 minutes, but thereafter, the turbidity developed rapidly 
until the end of the seventh minute, then slowly until 60 minutes were completed. The 10 
minute value was about 5 per cent lower than at 60 minutes and 2 per cent lower than at 20 
minutes. The value at 20 minutes was about 3 per cent lower than at 60 minutes. It was 


Table I. Results of recovery experiments on 4 frozen plasma samples stored at 
—20° C. for varying times up to 37 days after collection 





Days of Plasma sample No. 





frozen storage 2 3 





Fibrinogen at day zero (mg.%) 
295 195 
Percentage recovery 
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Fig. 3. Unicam SP600 turbidity values (470 mu) at intervals during the first hour after 
adding thrombin-calcium solution. The test method was calibrated to be read at 20 minutes. 
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Fig. 4. Ly values of 9 tests on the same plasma (fibrinogen 288 mg. per cent). Each test 
differed with respect to the pH and molarity only of the 9 different buffers used. The pH 7.2, 
0.10 M buffer gave maximal turbidity and was chosen for the test method. 
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found that these characteristics were the same for several plasma samples and that they were 
not significantly influenced by the fibrinogen concentration. Tests on many plasma samples 
showed that there was no tendency for clot retraction to occur even after 4 hours at room 
temperature. Although the test method was calibrated to be read at 20 minutes, it could be 
read at 10 minutes with little sacrifice of accuracy. 
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Fig. 5. Mean L,,. values of 4 tests at each of 3 different temperatures. The result at 15° C. 
is 6.5 per cent higher than at 25° C. 


TURBIDITY - 
L470 


olsaal 








| | | | 
2 4 6 8 
UNITS HEPARIN ADDED 
PER |-Oml. PLASMA 


Fig. 6. Lugo values of 7 tests on the same plasma (fibrinogen 226 mg. per cent) when dif- 
ferent amounts of heparin were added to each. 
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Table II. Results of recovery experiments to show the effect of increasing the 
plasma urea 








Plasma wrea— | Comparison 
raised by Fibrinogen with 
(mg. %) (mg. %) | control 
Control 225 - 
125 222 1% lower 
250 225 no difference 
500 221 : 2% lower 
1,000 216 4% lower 





D. OPTIMAL PH AND MOLARITY OF BUFFER. The results of 9 tests on the same plasma 
are shown in Fig. 4. They differed from one another with respect to molarity and pH only of 
the 9 buffers used. In each buffer the molarity contributed by barbitone/HCl was the same 
(viz., 0.05 M). In those with molarity values higher than this, sodium chloride was added. 
The plasma blank solutions made with the 3 different 0.05 M buffers were turbid to varying 
degrees, whereas those with the other buffers were all clear. The test using the 0.10 M, pH 
7.2 buffer gave maximal turbidity and this, therefore, was selected for the test method. 
Previously it had been found that crystals formed when an 0.10 M, pH 7.2 Michaelis buffer 
was used, for which reason it was modified to its present form. The plasma blank solutions of 
many tests were found to be within the range of pH 7.2 + 9.05 in all instances. During the 
first hour after preparation with this buffer there was no change in the light transmission of 
several blank solutions when read against a water blank (filter 470 mp). 


E. EFFECT OF TEMPERATURE VARIATION. Four tests at each of 3 different temperatures 
were done on the same plasma. After the dilutions were made the pairs of photometer tubes 
were incubated in beakers of water at 15 + 1°, 20 + 1°, and 25 + 1° C., respectively. The 
mean results of the tests at each temperature are shown in Fig. 5. The points fell within 1 
per cent of a straight line, the value at 15° C. being 6.5 per cent higher than at 25° C. 
By interpolation, the 18° C. value is about 3 per cent higher than at 22° C. For practical 
purposes, therefore, the influence of room temperature variation may be ignored. 


F. CHOICE OF ANTICOAGULANT. Oxalate is unsuitable because the formation of insoluble 
calcium oxalate produces a turbidity of its own. Likewise, heparin cannot be used, as it in- 
hibits the thrombin-fibrinogen reaction. This effect is shown in Fig. 6. Appropriate saline 
dilutions of heparin were added as single drops to each of six 12.0 ml. buffer dilutions of a 
plasma before the tests were made. Heparin additions up to the equivalent of 2.5 units per 
milliliter of plasma had no significant effect, but greater additions inhibited the turbidity 
to an increasing degree. Usually about 5 units heparin per milliliter of whole blood (about 
10 units per millilter of plasma) is used to prevent coagulation in vitro. This amount almost 
completely inhibited the test turbidity. Five-tenths milliliter, 3.8 per cent, or 0.05 ml., 38 per 
cent sodium citrate per 5 ml. blood are equally effective in preventing coagulation. Test 
turbidities were the same when allowance was made for the dilution caused by the 3.8 per 
cent solution. In order to avoid this effect the 38 per cent solution was chosen. 


Effect of duration and temperature of plasma storage. Tests on a specimen of blood 
from a normal person showed no change in the fibrinogen result during the first 4 days when 
it was stored as whole blood at 4° C. Likewise, tests on the plasma separated on the day of 
collection did not change when it was stored for up to 7 days at room temperature or for 23 
days at 4° C. Recovery tests were done on 4 plasma samples which were tubed and quick- 
frozen by immersion in ethanol cooled to —70° C. by the addition of solid CO,. They were 
then stored at —20° C. for varying times. On the day of testing they were thawed in a water 
bath at 37° C. in order to avoid cold—fibrinogen-precipitation, and unused portions were dis- 
carded. The results of 20 tests made up to 37 days after collection are presented in Table I. 
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Fig. 7. Tests on known saline dilutions of 2 plasma specimens, one with a high fibrinogen 
level (720 mg. per cent) and one with a low value (172 mg. per cent). The results are linear 


through zero when the Ly» value is below 0.4, but above this the laws of Beer and Lambert 
do not hold. 


The range of variation was from 96.0 to 104.7 per cent recovery. If the rate of freezing or 
thawing of the plasma was slow the fibrinogen recovery was found to vary, sometimes con- 
siderably. 

Effect of diluting plasma with saline. Tests were made on known saline dilutions 
of 2 plasma specimens. One had a high fibrinogen value (720 mg. per cent) and the other a 
low value (172 mg. per cent). The results of the ‘‘low’’ plasma fall on a straight line which 
passes through zero (Fig. 7). None of the points deviate from the line by more than the 
equivalent of 3 mg. fibrinogen. The results of the ‘‘high’’ plasma are linear through zero 
only when the Ly value is below 0.40 (equivalent to 480 mg. per cent), above which the 
laws of Lambert and Beer do not hold. However, the 100 per cent result of the ‘‘high’’ 


Table III. Results of recovery experiments to show the effect of lipemia 





Defibrinated Comparison 
Plasma plasma* Fibrinogen with 
(0.5 ml.) (0.5 ml.) (mg. %) control 





Clear Clear Control 86 ~ 
Clear Lipemie 85 1% lower 
Lipemic Clear Control 106 - 
Lipemic Lipemie 107 1% higher 


*Produced by precipitating fibrinogen at 56° C. and then separating it by centrifugation. 
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plasma was reproducible to within 2 per cent on different days of testing, and doubling the 
amount of thrombin added had no effect on this value. Dilutions of plasma samples with 
heat-defibrinated (56° C.) plasma produced results similar to those obtained by diluting with 
saline. Although it is recommended that when using the Evelyn photometer the test be done 
on 1.0 ml. plasma, it was concluded that for convenience smaller volumes might be used, 
e.g., 0.5 ml. plasma diluted to 1.0 ml. with saline. , 


Results 

Interference. 

HEMOLYSIS. It was found that by increasing the plasma hemoglobin from 12 
to 300 mg. per cent the fibrinogen recovery was lowered by 5.2 per cent. How- 
ever, levels up to 150 mg. per cent had no effect. 

UREA. It is known that high concentrations of urea, have an inhibitory effect 
upon the polymerization of fibrinogen under certain conditions.® Five tests 
done on the same plasma sample (Table II) showed that increasing the plasma 
urea to an equivalent of 500 mg. per cent did not influence the fibrinogen 
result. When raised to 1,000 mg. per cent the value was lowered by 4 per cent. 
Interference by urea within circumstances likely to be encountered clinically is, 
therefore, of no significance. 

LIPEMIA. The results of 2 tests on clear and grossly lipemic plasma specimens 
are shown in Table III. Defibrinated samples of the plasma were produced by 
incubating aliquots in a water bath at 56° C. for 10 minutes and separating the 
precipitated fibrinogen by centrifugation. Although plasma lipid levels were 
not measured, this procedure caused no apparent change in the degree of 
lipemia. It is shown that the test turbidity was unaffected by artificially in- 
creasing the degree of lipemia in this manner. 

BILIRUBIN. Two tests, similar to those described in the above section were 
done on clear and jaundiced plasma specimens; the results are presented in 
Table IV. From these it is coneluded that indirect reacting bilirubin does not 
affect the test turbidity. None of the jaundiced plasma blank solutions could be 
adjusted even to 50 per cent transmission using the 470 my filter. It was 
possible, however, to make this adjustment in all instances using the 490 mp 
filter with which the turbidities of these tests were measured. When the 
plasma bilirubin concentration was below about 15 mg. per cent the 100 per 


Table IV. Results of recovery experiments to show the effect of bilirubin 
(indirect reacting) 





Equivalent 





Defibrinated | total bilirubin Comparison 
Test Plasma plasma* of plasma | Fibrinogent | with 
No. (0.5 ml.) | (0.5 ml.) (mg. %) (mg. %) control 
1 jaundiced + clear 11.5 Control 108 - 
jaundiced + jaundiced 23.0 106 2% lower 
2 clear + clear 0.2 Control 118 ~ 
clear + jaundiced 11.5 116 2% lower 





*Produced by precipitating fibrinogen at 56° C. and then separating it by centrifugation. 
+A 490 mu filter was used since it was not possible to adjust jaundiced blank solutions to 
50 per cent light transmission with 470 my filter. Ke value with 490 my filter = 1.40 
xX 108. 
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Table V. Results on 63 plasma samples each tested by the turbidity and by a 
chemical method 





Fibrinogen separation by Heat precipitation (56° C.) Clotting 











Protein estimation by Micro-K jeldahl Biuret Biuret 





Number of tests 20 23 20 
Plasma fibrinogen (mg. %) 
mean 273 284 248 
range 213 to 462 196 to 556 69 to 370 


Regression coefficient (b) 1.196 x 103 1.187 x 103 1.214 x 103 
Standard deviation of b 0.008 x 103 0.007 x 103 0.012 x 103 
Coefficient of correlation + 0.987 + 0.994 + 0.976 








cent transmission adjustment was possible with the 490 filter. The Ky with this 
filter was found to be 1.40 x 10°. Employing the SP600 spectrophotometer it was 
possible to adjust the blank solutions to 100 per cent light transmission at 470 
my wavelength even when the plasma total bilirubin was as high as 20 mg. 
per cent. 


Calibration and validation 


Tests were done on 63 plasma samples by the present method and by one or 
the other of 2 procedures which depend on different properties of fibrinogen for 
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Fig. 8. Seatter diagram showing correlation between results on 63 plasma samples, each 
tested by the turbidity and by a chemical method. Regression coefficient = 1.197 x 103. 


(Plasma fibrinogen — L,, turbidity value x 1.197 x 10° mg. per cent.) 
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its separation from plasma. The separated protein was then estimated by micro- 
Kjeldahl and biuret methods. The procedures were as follows: 


1. Separation of fibrinogen: (A) By clotting with thrombin. This followed 
the method of Ratnoff and Menzie? except that 1.0 instead of 0.5 ml. plasma was 
used. (B) By heat-precipitation. Plasma was recentrifuged at 4,000 r.p.m. for 10 
minutes in order to remove as many cellular elements as possible, and 1.0 ml. was 
introduced into a 5 by 414 inch Pyrex tube which was then incubated in a 
water bath at 56 + 1° C. for 10 minutes. The tube was centrifuged (swing-out) 
at 3,000 r.p.m. for 10 minutes, the supernatant decanted, and the tube allowed 
to drain. A drop of saline was added to the fibrinogen precipitate which was 
suspended by tapping the tube. The tube was then three-fourths filled with 
saline, mixed, and recentrifuged. The precipitate was washed for a second time 
with saline, which was again decanted after centrifugation. 


2. Protein determination: (A) Micro-Kjeldahl. This procedure followed the 
recommended method of the American Association of Clinical Chemists.’° The 
factor 6.00 was used to convert nitrogen into fibrinogen. Tests were made 
on 20 heat precipitates which contained between 0.2 and 0.8 mg. N2. They were 
subjected to acid hydrolysis in their original tubes. (B) Biuret. Four milliliters 
0.2 N-NaOH was added to the heat precipitate (23 tests) or clotted fibrin (20 
tests) in their original tubes. These were then heated in a boiling water bath 
for 20 + 1 minutes in order to dissolve the protein, and after cooling, 4.0 ml. 
dilute biuret reagent™ was added. The color was developed at 37° C. for 10 
minutes, the solutions were cooled to room temperature, and then read in the 
Evelyn photometer (540 my filter, 6 ml. volume aperture) against a reagent 
blank prepared and treated in a similar manner. This procedure was inde- 
pendently calibrated against micro-Kjeldahl determinations on washed, heat- 
precipitated fibrinogen prepared from two 500 ml. volumes of plasma, and 
gave the following equation: 
plasma fibrinogen — (biuret L;4. x Kg) mg. per cent, where Kp = 1.61 x 10°. 
The results of the 63 tests are shown in a scatter diagram (Fig. 8) and the 
analyses are presented in Table V. The over-all regression coefficient was 1.197 
x 10° (standard deviation 0.007 x 10°) which represents the Ky value already 
referred to. The over-all correlation coefficient was + 0.986 (p < 0.01). There 
was no significant difference in the regression coefficients of the heat precipitate 
or clot separation methods. 


Further evidence of the validity of the method is provided by the results 
of the recovery experiments shown in Fig. 7 and Table I. 


The error of the method. Duplicate tests were made on 120 plasma samples 
the fibrinogen values of which ranged from 69 to 550 mg. per cent. The mean 
difference between the duplicates was 1.8 mg. fibrinogen per cent plasma 
(range, 0 to 5.8 mg. per cent). From these results and those presented in Table 
I it is concluded that the test is reproducible to within 5 per cent over a wide 
range of fibrinogen concentration. 


We are indebted to Dr. T. H. Bothwell of the Department of Medicine, University of 
the Witwatersrand, for criticizing the manuscript. 
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Electrochemical determination of the oxygen content 


of blood 


OLFAT AWAD, PuH.D.,* and RICHARD J. WINZLER, PH.D. 
San Francisco, Calif. 


The membrane electrode described by Clark is employed to determine the oxygen content 
of blood. Carbon monoxide is used to displace the oxygen from a known volume of blood 
(about 0.1 ml.) into a known volume of water. From the increase in oxygen tension and 
the respective volumes of blood and water the oxygen content of the blood is readily 
calculated. Determinations can be carried out at the rate of 12 per hour, with an 
accuracy comparable to that of other methods. 


Maen eurrent work in clinical and experimental physiology requires the 
determination of the O, content of venous or arterial blood. The standard pro- 
cedure for this determination is the Van Slyke method! which, though accurate, 
is rather time consuming. In recent years, the micromethod developed by 
Roughton and Scholander? has been widely used. It is, however, appreciably less 
accurate than the Van Slyke procedure. Therefore, it was considered desirable to 
develop an accurate method which could be completed in a short time, and 
which would require minimal amounts of blood. 

The present work is concerned with the description of a membrane electrode 
method, based on the principles of polarography, which permits the measure- 
ments of the O, content of small amounts (0.1 to 0.2 ml.) of blood. The analysis 
can be completed in less than 5 minutes per determination, and the accuracy is 
comparable to that of other procedures which have been widely employed. 

Baumberger® and Neville* have employed dropping mercury electrode po- 
larography to determine the oxygen content of blood by converting the hemo- 
globin into hematin and determining polarographically the oxygen released into 
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solution. Baumberger® has used carbon monoxide to displace the oxygen from 
hemoglobin. In the present method the polvethylene-covered membrane electrode 
of Clark and associates® is employed, and the release of oxygen from 0.072 ml. of 
blood into 2.55 ml. of an aqueous solution saturated with carbon monoxide is 
measured. 

The method depends on the reduction, at a negatively charged platinum 
electrode, of oxygen diffusing from a stirred solution through a thin polyethylene 
membrane. At an applied potential of about —0.5 volt relative to a silver-silver 
chloride electrode, the current produced by the reduction is proportional to the 
oxygen tension in the stirred solution. From the change in oxygen tension in a 
solution of known volume brought about by the liberation of oxygen from a 
known amount of blood, and the solubility coefficient at the temperature of the 
vessel, the amount of oxygen in the blood is readily caleulated. 









































Fig. 1. The electrode vessel. A, Stainless steel stopcock with 90 degree rotation stops (inset 
A,); B, liquid entry tube with a 3 way valve with stainless steel needle leading to bottom 
of chamber; C, water-jacketed syringe bubbling vessel; D, gas inlet needle leading to top of 
domed measuring chamber; HL, Clark electrode with membrane sealed in domed measuring 
chamber; F, domed measuring chamber; G, magnetic stirrer; H, lumen in stainless steel 
stopcock (0.31 em. bore) opening to liquid entry tube or blood inlet tube; J, blood inlet tube; 
J, brass floor to dome through which water is circulated. 
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Materials and methods 


Description and operation of apparatus. The leucite vessel* shown in Fig. 1 was con- 
structed and used in most of the present work. Equilibration of the solution with air or 
carbon monoxide is accomplished in an upper mixing chamber (C) consisting of a 10 ml. 
syringe surrounded by a water jacket through which water from a constant temperature 
bath (23° C.) is cireulated. The domed measuring chamber (F), constructed from a leucite 
block, has a volume of 2.55 ml. and contains the sealed-in membrane electrodet (£) and a 
small Teflon or glass-covered magnetic stirrer (@). Air or carbon monoxide is forced into 
the measuring chamber through a gas inlet tube (D) at the dome of the chamber. A 3 way 
valve (B) controls the flow of solution or gas from the measuring chamber to the mixing 
chamber and is also used for rinsing these chambers. Blood is introduced through the blood 
inlet tube (J) and fills a three-eighths inch stainless steel stopcock, the 0.31 cm. lumen of 
which is also arranged to coincide with the passage from B to F. The volume of this blood 
chamber is 0.072 ml. The measuring chamber is bolted to a brass chamber (J) through which 
water from the constant temperature bath is circulated. The temperature of the circulating 
bath was kept slightly above room temperature (usually at 23° C.). The air or carbon 
monoxide was first saturated with water vapor at the same temperature. The stirrer was 
operated by a magnetic mixing motor upon which the vessel was placed. 

In most of the work to be reported a recording polarograph has been used. However, 
equally good results can be obtained with the use of a simple galvanometer arrangement 
such as is shown in Fig. 2 


In operation the stainless steel and 3 way valves are opened perpendicularly and about 
3 ml. of distilled water is placed in the mixing chamber and allowed to run into and fill the 
measuring chamber. A gas mixture is forced into the measuring vessel through the inlet 
tube (D), and the liquid rises into the mixing vessel, where equilibration between the gas 
and liquid is complete within 2 to 3 minutes. The gas inlet is then removed, and the liquid 
runs back into the measuring chamber, filling it completely and rising slightly into the inlet 
tube. The galvanometer current readings are then taken. 

Polarograms obtained with solutions equilibrated with pure nitrogen, air, and 95 per 
cent oxygen are given in Fig. 3, which shows that the electrode gives a reasonably good 
current-voltage plateau from —0.4 to —0.8 volts, and that the current is proportional to oxygen 
tension in this range. 

It is important to avoid temperature changes during the equilibration and measurement, 
‘since the diffusion velocity of oxygen increases with increased temperature, resulting in 
changes in the current obtained. The response of the galvanometer depends markedly upon 
the thickness of the polyethylene membrane. Thicker membranes give lower sensitivity and a 
longer time (up to 2 minutes) before stable readings are obtained. Thick membranes are, 
however, somewhat more stable than thin ones. Membranes of about 2 mg. per square centi- 
meter have been employed in most of the work reported here. 

Rapid stirring is required for good and consistent readings. 

One of the most troublesome factors for certain determinations is the fact that the 
reading obtained when the electrode in a given gas phase is not quite the same as that ob- 
tained when the electrode is immersed in a liquid equilibrated with the same gas. For this 
reason all readings were taken with the electrode submerged in the liquid equilibrated with 
the calibrating gas. 

Determination of oxygen content of blood. The oxygen content of blood was estimated 
by determining the amount of oxygen displaced by carbon monoxide from a known amount 
of blood into a known volume of water. The volume of the measuring chamber containing 
the mixing rod was determined by measuring the dilution of a known amount of T1874 
(Evans blue) dye when the vessel was filled, and was found to be 2.55 ml. The volume of the 


*Constructed by George Luhr, Department of Physiology, University of Illinois College of 
Medicine, Chicago, III. 


+Manufactured by the Yellow Springs Equipment Company, Yellow Springs, Ohio, 
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Fig. 2. Simple circuit for use in determination 
of blood oxygen content. A, 1.5 volt dry cell; 
B, 3,000 © potentiometer; C, galvanometer 
(sensitivity 1 x 10-8 to 1 x 10-10 A per centi- 
meter) with potentiometer to adjust sensitivity ; 
D, Clark membrane electrode. 

















Fig. 3. Current voltage curves with membrane elec- 
trode. 
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Fig. 4. Comparison of oxygen content of blood 
samples by electrochemical and Roughton- 
Scholander methods. 
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Table I. Reproducibility of determinations of oxygen content of blood 
equilibrated with air 





Oxygen content (milliliters O,/100 ml.) 














Determination No. Sample A Sample B Sample C 

1 24.34 17.61 17.23 
2 24.43 17.61 17.42 
3 24.43 17.24 17.04 
4 24.34 17.80 ° 17.42 
5 24.05 17.80 17.23 
6 24.05 17.61 17.42 
7 24.62 17.61 17.04 
8 24.05 17.42 17.04 
9 17.61 17.04 
10 17.32 

Average 24.27 17.55 17.21 

Standard deviation (+) 00.202 00.175 00.166 





stopcock lumen into which the blood was introduced was calculated from its known dimen- 
sions, also by determining the amount of oxygen liberated into the vessel when the lumen 
was filled with a liquid saturated with oxygen, and finally, from the dilution of a known 
concentration of T1824 introduced into the lumen and then diluted with a known volume of 
water introduced into the mixing chamber. All 3 methods gave identical values of 0.072 ml. 


The procedure employed for determination of oxygen in blood is as follows: After 
temperature equilibrium of the reaction vessel is achieved, about 3 ml. of water is added to 
the mixing chamber. The 3 way (B) and stainless steel (4) stopcocks are opened between 
the mixing and measuring chambers. Air is passed into the inlet tube, and the water 
equilibrated with air in the mixing chamber for 3 minutes. The air inlet is removed, allowing 
the measuring chamber to fill, and the air current reading is taken. Oxygen-free carbon 
monoxide is then introduced from a cylinder in the same way, and a zero oxygen current 
reading is taken. The liquid is again forced into the mixing chamber with carbon monoxide, 
permitted to bubble briefly, and about two-thirds of volume permitted to return to the 
measuring chambers before the 3 way stopcock is closed. The stainless steel stopcock is then 
turned 90 degrees and the sample of blood is introduced into J from a syringe to fill the eali- 
brated lumen of the stopcock. The stainless steel stopeock is then turned to permit the blood 
and the remainder of the carbon monoxide—saturated water to fill the measuring chamber. A 
blood current reading is then taken. The chamber is quickly rinsed by passing a stream of 
water through the inlet tube into the measuring chamber and out through the 3 way stopcock, 
the apparatus then being ready for another determination. The entire procedure can be 
completed in less than 6 minutes. Four experimental readings and several constants are then 
available for calculation of the oxygen content of blood. The readings are air current (AC), 
sarbon monoxide zero oxygen current (ZC), blood oxygen current (BC), and the barometric 
pressure (BP). The constants are the solubility coefficient at the temperature employed (SC), 
the oxygen content of air (0.2094), and the volumes of the measuring chamber (2.55 ml.) and 
the blood stopcock lumen (0.072 ml.). From these the oxygen content of the blood is calculated 
from the relation 


ad , BC - ZC on oo 2.55 - 
milliliters O,/100 ml. blood — AG — 7G * .2094 x SC x 760 * 0072 *~ 0. 
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Results 


The sensitivity and reproducibility of the method have been determined in 
several ways. In one series the oxygen content of blood samples equilibrated 
with air was determined 8 to 10 times. The data shown in Table I suggest that 
the method is reproducible with a standard deviation of about 1 per cent. This 
accuracy is sufficient for most eases and could be improved, if desired, by change 
of the volumes of blood and water used. 

In order to compare the procedure with the Roughton-Scholander method? 
21 determinations were carried out with both methods using the same blood 
samples. These samples were prepared by equilibrating air-saturated blood with 
nitrogen for various periods of time to give samples of very different oxygen 
content. The usual precaution of keeping blood in an ice bath until measurements 
were made was followed. The results obtained in this series are shown in Fig. 4. 
Agreement is generally satisfactory, with the membrane electrode method show- 
ing slightly higher values than the Roughton-Scholander method. 
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Fluorometric estimation of magnesium with 8-hydroxy-5- 


quinolinesulfonate 


DAVID SCHACHTER, M.D. New York, N. Y. 


Aqueous solutions of magnesium 8-hydroxry-5-quinolinesulfonate exhibit a characteristic 
fluorescence. This property was used to develop a sensitive, relatively specific, and rapid 
method for the estimation of magnesium in serum and urine. The serum proteins need 
not be precipitated in the procedure. 


| solutions of magnesium 8-hydroxyquinoline exhibit a charac- 
teristic fluorescence when activated by light of wave length 420 my, and 
this property was utilized to develop a sensitive method for estimating the mag- 
nesium in serum and in urine.’ In this method serum is added to an ethanolic 
reagent, the serum proteins are thereby precipitated, and, after centrifugation, 
the fluorescence of the supernatant solution is measured. The present report 
deseribes a modification of the procedure which is simpler and more rapid. It 
is based on the observation that aqueous solutions of magnesium 8-hydroxy-5- 
quinolinesulfonate also exhibit a characteristic fluorescence. Small aliquots of 
serum are added to an aqueous reagent, and the fluorescence of the resulting 
solution is measured directly, without prior separation of the serum proteins. 


Materials and methods 


Reagents. Reference standard solutions of MgCl, were prepared as described previously.1 
Solutions of TRIS buffer* were prepared with concentrated HCl, and the final pH was meas- 
ured with a Beckman glass electrode pH meter. A solution of 0.05 M 8-hydroxyquinoline- 
sulfonate was prepared by dissolving 1.13 Gm. of 8-hydroxy-5-quinolinesulfonic acidt in 
5.5 ml. of 1.0 N NaOH plus deionized water, and the solution was diluted to a final volume 
of 100 ml. It was stored in a brown bottle at 5° C. and was stable for at least 2 months. 

Fluorescence. Measurements of fluorescence were made with the Aminco-Bowman spec- | 
trophotofluorometer and expressed in arbitrary units, as described previously.1 Solutions of 
MgCl, treated with an excess of 8-hydroxy-5-quinolinesulfonate exhibit fluorescence with a 


From the Department of Medicine, College of Phy ee and Surgeons, Columbia Univer- 
sity, and the Presbyterian Hospital, New York, ¥. 
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*Trishydroxymethylaminomethane, buffer grade, Sigma Chemical Company, St. Louis, Mo. 
yHighest purity, Fisher Scientific Company, New York, N. Y. 
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FLUORESCENCE INTENSITY 





Fig. 1. Effect of pH on the fluorescence at 510 my of aqueous solutions of MgCl, or CaCl, 
treated with 8-hydroxy-5-quinolinesulfonate. The activating wavelength was 380 my. The 
solutions tested for fluorescence contained a final concentration of 0.08 mEq. per liter of 
the indicated cation, 0.1 M TRIS buffer of the indicated pH, and 0.0025 M sodium 8-hydroxy- 
quinolinesulfonate. A reagent blank containing deionized water in place of the cation solution 
was tested similarly, and the value in arbitrary units, 2.1, was subtracted as a ‘‘blank’’ 
eorrection, 


peak intensity at 510 mp when activated at the optimal wave length, 380 myz.* Fig. 1 illus- 
trates that the intensity of fluorescence in 0.1 M TRIS buffer is dependent on pH, with the 
maximal fluorescence at approximately pH 7.0. Solutions of CaCl, exhibit negligible fluor- 
escence under these conditions. 

Fig. 2 shows that the fluorescence intensity is directly proportional to the concentration 
of magnesium from 0.01 to 0.08 mEq. per liter, and the fluorescence at each concentration is 
over twice that observed previously with 8-hydroxyquinoline.1 Similar concentrations of cal- 
cium exhibit negligible fluorescence when treated with 8-hydroxyquinolinesulfonate. 

The addition of successive quantities of sodium Versenatet to chelate the magnesium 
apparently dissociates the magnesium hydroxyquinolinesulfonate complex in aqueous solution, 
inasmuch as the fluorescence is progressively diminished. The fluorescence of 0.05 mEq. per 
liter of MgCl, in 0.0025 M 8-hydroxyquinolinesulfonate was completely suppressed when the 
molar ratio of Versenate to magnesium was approximately 3.0. 

Other cations. A number of other cations were tested for their capacity to form fluor- 
escent complexes with 8-hydroxyquinolinesulfonate in 0.1 M TRIS buffer of pH 7.0. Under 
these conditions (activating wavelength 380 my, fluorescence wavelength 510 mp) solutions 
of Cd and Zn fluoresce, and the intensity is approximately two-thirds and one-third, respec- 
tively, of the Mg fluorescence. In addition, Sn++, Sr, and Ba solutions yield 4 to 12 per cent 
of the Mg fluorescence. These other cations ordinarily are present in negligible amounts in 
serum and urine, and the fluorescence method is therefore relatively specific for Mg in the 
biologic fluids. The following cations yielded no fluorescence when tested with 8-hydroxy- 
quinolinesulfonate: Na, K, Pb, Fet+, Fe+++, Co++, Cu++, Hg++, and Mn++. 

Estimation of magnesium in serum. The estimations are performed in duplicate with the 
following 2 reagents. Reagent 1 is prepared by mixing 1 volume of 2.0 M TRIS buffer of 
pH 7.0 and 19 volumes of deionized H,O (final concentration: 0.1 M). Reagent 2 is prepared 
by mixing 1 volume of 0.05 M 8-hydroxy-5-quinolinesulfonate, 1 volume of 2.0 M TRIS 
buffer of pH 7.0, and 18 volumes of deionized H,O. Reagent 2 is kept in a brown bottle, 
*The maximal flourescence at 450 my of quinine sulfate in 0.1 N H2SOs was observed with 


an activating wavelength of 360 my with the spectrophotofluorometer used in this work. 
+Ethylenediaminetetraacetate, Riker Laboratories, Inc., Northridge, Calif. 
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(arbitrary units). The solutions were prepared and tested as described in Fig. 1, except 


Effect of various concentrations of MgCl. or of CaCl, on the fluorescence intensity 


that the indicated final concentrations of each cation were tested in the presence of 0.1 M 
TRIS buffer of pH 7.0. 


Table I. Effect of various amounts of serum on the estimated serum magnesium 
concentration* 





Serum magnesium 
concentration 


Serum Fluorescence 


added (arbitrary 


(pL) 


units ) 


(mEq./L.) 





0 
25 
50 
75 

100 


1.4 
5.8 
10.1 
12.6 
15.2 


2.1 
2.1 
1.8 
LZ 





*The method is described in the text, except that the indicated amounts of serum were 


added. 


Table IT. Recoveries of magnesium added to urine 





Experiment 
No. 


Magnesium 
added 
(mEq./L.) 





Magnesium 


recovered 
(mEq./L.) 


Recovery 


(per cent) 





1 


100.0 
93.9 
94.9 
97.1 





Mean 96.7 


100.0 
97.8 
96.7 

101.0 





Mean 98.9 
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and both reagents appear to be stable for at least 1 month when stored at 5° C. For each 
estimation, 2.0 ml. of Reagents 1 and 2, respectively, are transferred to separate test tubes. 
An aliquot of 50 wL of serum is added with a micropipette to each of the reagents, and the 
solutions are individually mixed and decanted into cuvettes. The fluorescence of each solution 
is measured with the spectrophotofluorometer (activating wavelength 380 mg, fluorescence 
wavelength 5104). The fluorescence intensity in TRIS buffer alone (Reagent 1) is 5 to 10 
per cent of that observed with Reagent 2 and is subtracted as a ‘blank’ correction. In ad- 
dition, reagent blanks containing water in place of serum are tested similarly, and the net 
fluorescence (i.e., fluorescence with Reagent 2 minus that with Reagent 1), which is 15 to 20 
per cent of the fluorescence observed with serum samples,* is also subtracted as a blank cor- 
rection. The final value for each serum sample is compared with the corresponding value 
observed with a reference standard tested similarly, 50 wL of 2.0 mEq. per liter of MgCl, 
added to 2.0 ml. of each of the reagents. 

Estimation of magnesiwm in urine. The procedure for urine is similar to that for serum 
except that the urine samples are diluted initially to a suitable concentration of magnesium, 
e.g., one-fifth for samples from normal subjects. Aliquots of 50 or 100 wL are then trans- 
ferred to 2.0 ml. of Reagents 1 and 2, respectively, and the fluorescence is measured as 
described above. Urine samples from 5 normal male subjects were tested for magnesium 
before and after the addition of 5 ~M of sodium Versenate to each milliliter of Reagents 1 
and 2. Treatment with Versenate completely abolished the fluorescence in each instance, in- 
dicating that there was no significant error due to nonspecific fluorescence. 


Results and discussion 


Serum. Serum samples were obtained from 14 patients on the medical ward, 
and the magnesium in each sample was estimated with both 8-hydroxyquinoline' 


and 8-hydroxyquinolinesulfonate, to provide a comparison of methods. The 
mean values (+ standard deviation) obtained with the respective methods were 
1.8 + 0.26 and 1.8 + 0.25 mEq. per liter. The close agreement indicates that it is 
not necessary to remove the serum proteins, provided that no more than 50 wL of 
serum is added to the 8-hydroxyquinolinesulfonate reagent. The values in Table 
I show that larger aliquots of serum resulted in a lowered recovery of mag- 
nesium, presumably because the cation is bound to the serum proteins. 

The reproducibility of the method with hydroxyquinolinesulfonate was 
examined in a series of duplicate estimations of 10 serum samples. The maximal 
and average differences between duplicates were 6.8 and 3.8 per cent, respec- 
tively. In addition, the magnesium in a single serum sample was estimated 10 
times, and the values were 1.9 + 0.1 mEq. per liter (mean + standard deviation). 

Urine. Varying quantities of magnesium were added to each of 2 urine 
samples which contained 3.0 and 2.7 mEq. per liter of magnesium, respectively. 
The samples were then diluted one-fifth and the magnesium estimated fluoro- 
metrically. As shown in Table II, the recoveries of magnesium ranged from 93.9 
to 101.0 (mean 97.7) per cent. 

REFERENCE 
1. Schachter, D.: The Fluorometric Estimation of Magnesium in Serum and in Urine, J. 


LaB. & CLIN. MEp. 54: 763, 1959. 


*The reagent blank was not diminished following recrystallization of the 8-hydroxyquino- 
linesulfonic acid from hot water, or following treatment of the sodium salt with a cation 
exchange resin (Dowex-50) in the sodium cycle. 








Calibration of micropipettes 


PADMAKAR K. DIXIT, Pu.D., and ARNOLD LAZAROW, M.D., PH.D. 
Minneapolis, Minn. 


A method for the calibration of micropipettes, which uses an aqueous solution of nico- 
tinamide, is described. The micropipette is filled with a concentrated solution of nicotina- 
mide and its contents are blown gently into a known volume of water. The absorbance 
of the resulting solution is read in a spectrophotometer at 262 mp and, by comparing 
this extinction with that obtained with the use of standard macrodilutions, the volume 
of the micropipette is calculated. The nicotinamide stock solution was stable over pro- 
longed periods and these dilutions were proportional to concentrations over a wide 
range. Using the nicotinamide method, various types of commercially available micro- 
pipettes with volumes of 1.0 to 50 yl were calibrated; the average standard deviation of 
the replicate deliveries was determined. The nicotinamide method was also compared with 
other methods used for volume calibration of micropipettes. 


L, carrying out microchemical analyses it is often necessary to construct 
and calibrate micropipettes of suitable volumes. Several methods have been used 
for calibration. The micropipette is filled to the ealibration mark with either 
India ink? or a solution of para-nitrophenol* of known concentration. The con- 
tents of the pipette are delivered and diluted with a known volume of water 
and the extinction of the resulting solution is measured at 400 mp. Quinine 
sulfate also has been used,* in which ease the fluorescence of the resulting solu- 
tion is measured in a fluorimeter. 

The above methods of calibration of micropipettes have certain limitations. 
When India ink is used and diluted with an ammonium hydroxide solution, the 
resultant mixture is a ‘‘finely dispersed particulate suspension’’ rather than a 
true solution. Solutions of para-nitrophenol are somewhat unstable, thus limiting 
the usefulness of this agent. When quinine is used, the relationship between 
the fluorescence and the concentration is linear over a narrow range, thus 
limiting the use of quinine solutions for calibrating micropipettes of different 
sizes. 


From the Department of Anatomy, University of Minnesota, Minneapolis, Minn. 
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Table I. Accuracy of delivery of micropipettes using nicotinamide for calibration 





| Concentration,, of Volume (V) in 
| nicotinamide solu- |microliters of water| Final macrodilution 
Approximate | 
volume of micropipette micropipette con- nicotinamide of unknown 
pipette (pl) | (M /liter) | 


tion used to fill lused for dilution of\of 1.0 M solution of| Optical density 


tents (D) dilution (E,) 





10.0 1.0 5,000 1: 5,000 0.558 
1.0 0.1 5,000 1: 5,000 0.562 
20.0 0.05 10,000 1:10,000 0.280 





‘sing a 1:5,000 standard dilution of nicotinamide (1.0 M), 
Tsing a 1:10,000 standard dilution of nicotinamide (1.0 M), 


Ideally, it would be desirable to use a stable compound where the diluted 
solutions obey the Beer-Lambert laws over a wide range of concentrations and 
where the absorption spectrum maximum is in the visible range. 

A solution of nicotinamide fulfills many of these requirements,’ but its ab- 
sorption maximum is in the ultraviolet. When 1.0 M solution of nicotinamide 
was diluted with water, to give a final dilution ranging between 2,500 and 
100,000, the resulting absorbances closely followed the Beer-Lambert laws (Fig. 
1). The final concentrations of nicotinamide ranged between 400 and 10 yum per 
liter. Stock solutions of nicotinamide were stable for at least 3 months, even 
when stored at room temperature. 
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Fig. 1. Optical density of nicotinamide solutions. 
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. of repli- Calculated mean Range of volume Maximum error 
deliveries volume (ul) (pl) Standard deviation (% of mean) 





10 0.993 0.978 to 1.010 +0.0079 17 
10 10.00 9.92 to 10.12 +0.064 1.2 
10 20.30 19.96 to 20.52 +0.211 LB f 





Methods 


In calibrating the micropipettes, a solution of nicotinamide of appropriate concentration 
(Table I) is drawn into the pipette to the calibration mark. The contents of the pipette are 
then blown gently into a known volume of water selected such that the absorbance of the 
final solution will read between 0.3 and 0.6 at 262 my. The extinction of the unknown was 
compared with that of a standard macrodilution of the stock nicotinamide solution. 

The volume of the micropipette in microliters (yl) is given by equation (1) where 

E, V M 
‘=, Dm ”) 
and v = volume in microliters of the pipette being calibrated; m = molarity of the diluted 
stock nicotinamide solution used to fill the micropipette; V — volume in microliters of water 
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Fig. 2. Micropipettes of various types used for volume delivery. 








KAO os eae J. Lab. & Clin. Med. 
502 Dixit and Lazarou September, 1961 


into which the contents of the micropipette are emptied; E, = extinction of this resulting 
solution; M molarity of stock nicotinamide solution used for the macrodilution; D = 
dilution of macro standard, i.e., when the stock nicotinamide solution (molarity = M) is 


diluted by standard volumetric procedures to give an extinction in the same range as the 
unknown; and E, extinction of the known standard dilution of nicotinamide. 


Example. When a 1.0 M nicotinamide solution is diluted 5,000 times it gives an extinction 
(E,) of 0.560; the dilution factor (D) would be 5,000 in this case. When a pipette of 
approximately 10 ul capacity is calibrated, the 1.0 M stock nicotinamide is diluted initially 
1 to 10. The pipette is filled with this diluted stock (molarity = m = .10) and the contents 
are emptied into 5 ml. of water (V = 5,000 wl); the extinction (E,) is determined in the 
spectrophotometer and found to be 0.571. The volume is calculated by the following equation: 


0.571 5,000 1.0 


y= ’ xX oe s= 3027 wl ( 


——— at 2) 
0.560 0,000 0.1 


~ 


Table I shows that micropipettes having a volume as small as 1.0 yl are capable of 
delivery to an accuracy of about 1 to 2 per cent. The average standard deviation of the 
replicate deliveries was 0.8 per cent; the maximum error observed in any case was 1.7 per 
cent. The replicate deliveries for the 10 and 20 yl pipettes showed standard deviations of 
0.64 and 1.0 per cent respectively. In no case did the error exceed 2 per cent. 


Using the nicotinamide solution, various types of commercially available micropipettes 
were calibrated. These include the 2 types of self-adjusting pipettes, the constriction pipette 
(Linderstrom-Lang), as well as a simple capillary tube micropipette available commercially 
(Fig. 2). The capillary tube pipettes were made by the cutting of standard uniform bore 
capillary tubing to specified lengths. In Table II are compared the replicate deliveries for 
these different types of micropipettes. It should be noted that the average error of the 
replicate deliveries is about the same for the various types of micropipettes. 


A comparison of the volume of different randomly selected capillary micropipettes is 
shown in Table IIT. It should be noted that, although the volume of the various micropipettes 
within each size range showed a standard deviation of less than 3 per cent, their absolute 
volume differed from that specified by the manufacturer by errors ranging between 1 and 
and 11.8 per cent. This suggests that, although the diameter of the standard bore capillary 
tubing is quite constant, an error was made in some eases in estimating its absolute inside 
diameter; this would explain the observed error in the specified volume. 


Table II. Comparison of the replicate deliveries of various types of micro- 
pipettes commercially available 














[No. of rep-| Mean vol- Volume Maximum 
\licate deliv-| ume range Standard Y% error 
Type of micropipette | eries | (pl) (pl) deviation from mean 
1. Self adjusting transfer* 10 10.19 10.00 to + 0.100 1.8 
10.32 
2. Self adjusting transfer 10 9.98 9.82 to + 0.089 2.1 
(Kirk) * 10.19 
3. Constriction pipette 10 10.64 10.43 to + 0.103 2.0 
(Linderstrom-Lang ) * 10.77 
4. Capillary tube pipettet 10 10.00 9.92 to + 0.064 1.2 
10.12 





*Available through the Microchemical Specialties Company, Berkeley, Calif. 
tAvailable through the Drummond Scientific Company, Philadelphia, Pa. 
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Table III. Calibration of capillary tube micropipettes* 














Volume in microliters of capillary tube micropipettes 
Pipette as determined by the nicotinamide method 
No. 1 pl | 2ul | Spl | 10m 20 ul 25 wl | 50 wl 
1 0.95 1.85 4.75 9.84 20.45 22.52 44.8 
2 0.99 1.87 4.78 9.60 20.54 22.40 43.9 
3 0.99 1.87 4.86 9.79 20.45 22.48 44.0 
4 0.98 1.87 4.71 9.92 20.41 22.22 43.3 
5 0.99 1.90 4.50 9.79 + 20.60 22.60 43.9 
6 1.00 1.89 4.43 10.00 20.24 22.14 44.2 
7 1.02 1.83 4.52 10.09 20.32 22.78 42.8 
8 0.99 1.88 4.72 9.92 20.30 22.48 44.7 
9 1.00 1.92 4.49 10.13 20.54 22.60 45.4 
10 1.02 1.87 4.49 9.84 20.18 22.58 43.8 


Mean determined vol- 
ume (yl) 0.99 1.88 4.63 9.89 20.40 22.48 44.1 


Standard deviation of 


mean volume (yl) + 0.02 +002 + 0.15 + 0.15 + 0.14 + 0.18 = G7) 
Variation in volume 

from that specified 

by manufacturer ais, — 6% —~ 74% —11% +20% 10% _11.8% 





*Available from Drummond Scientific Co., Philadelphia, Pa. 


Table IV. Comparison of various methods for volume calibration of micro- 
pipettes 





1 pl pipette 2 pul pipette 

















| 
Nicotinamide Para-nitro- | Nicotinamide Para-nitro- India ink 
Pipette method phenol method | method phenol method method 
No. i) || (ul) (ul) 
1 0.99 0.98 1.85 1.93 1.72 
2 0.98 0.98 1.87 1.93 1.75 
3 0.99 0.99 1.87 1.92 1.75 
+ 1.00 1.03 1.87 2.03 L747 
5 1.00 1.04 1.90 1.93 1.73 





In Table IV is a comparison of the results obtained with 5 different capillary micro- 
pipettes of 1 and 2 yl capacity which were calibrated by 3 different methods, i.e., nico- 
tinamide, para-nitrophenol, and India ink. The results obtained with the nicotinamide 
method were closer and more consistent than those obtained with the use of the other methods. 
Since nicotinamide solutions have greater stability and proportionality over a wide concen- 
tration range, the absolute volumes obtained using nicotinamide are probably more accurate. 


Conclusion 

Nicotinamide solutions provide a convenient method for calibrating micro- 
pipettes. The absolute volumes and replicate deliveries of various types of micro- 
pipettes have been compared. 
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ERRATUM 


In the May, 1961, issue of THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE, Fig- 
ures 1 and 2, page 699, are interchanged in the article ‘‘Renal Hemodynamic Changes in 
Pulmonary Emphysema,” by H. A. Saltzman, F. Manfredi, and H. O. Sieker. 
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PROCEDURE: 


Adaptable to all Colorimeters. 
Read at 520 mu. 


Requires only micro-quantities of 

. fluid... as little as 0.01 mi. 
(Especially valuable when only small 
amounts are available). 


Sensitive to less than 10 gamma of 
chloride . . . important 
in sweat determinations. 


Total procedure completed in 
approximately 2 minutes. 


When series of chloride 
determinations is performed 
individual determinations 
take less than 60 seconds. 


ELIMINATE THESE TIME-CONSUMING 
STEPS AND MANIPULATIONS: 
* Standardization of Mercuric 
Nitrate Solution 
* Titration 
* Buretting 
* Preparation of protein-free filtrate 


NEW CHLORI-PAK, PLUS THESE OTHER 
UNCONDITIONALLY GUARANTEED KITS 
ARE AVAILABLE FROM YOUR DEALER 


URI-PAK — Colorimetric Cyanide-Free 
Method for Uric Acid Determination 
CHOLE-TECH — Colorimetric Total 
Cholesterol Determination. 

ESTER-PAK — “‘One tube”’ 

Determination for Free Cholesterol 

and Cholesterol Esters. 

LIPA-PAK — Serum Lipase Determination 
in 10 minutes. 

AMYL-PAK — Colorimetric Serum 

and Urine Amylase Determination in 

15 minutes. 

TRANSAMINASE DUO KIT —Colorimetric 
Determination of SGO and 

SGP Transaminase. 
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Gives You a Comprehensive and Up-to-Date Presentation 
of Pediatric Hematology 


BLOOD DISEASES 
OF INFANCY AND 
CHILDHOOD 


By Carl H. Smith, M.A., M.D. 


Here is a book written by a world renowned figure 
in the field of pediatric hematology. Complete, 
concise yet practical, it presents all of the salient 
features of blood dyscrasias against the background 
of normal development of infancy and childhood. 


You'll find this new, well illustrated book empha- 
sizes the pathogenesis of pediatric hematologic 
disorders in the light of established concepts as a 
basis for rational treatment. Each disease is clearly 
and concisely described to include definition, 
pathogenesis, clinical features, laboratory findings, 
pathology, diagnosis, treatment and prognosis. De- 
tailed technique is included so that even in the 
most complicated cases the physician has a com- 
petent guide in this new book. 

Representative of the important and timely recent 
topics which Dr. Smith has included in his new 
book are the following: Hyperbilirubinemia in 
early life due to enzymatic deficiency; problems 
and treatment in physiologic hyperbilirubinemia 
especially in the premature; primaquine-sensitive 
paper and 
the diagnosis of the 


erythrocytes in the hemolytic anemias; 
electrophoresis in 


starch 











14, ~ ae ag syndrome in infants with sickle 


anemia. Note evidence of subperiosteal 
} ol ee and areas of rarefaction in the 
body of the third metacarpal. B, Note complete 
regression after one month; these lesions are tran- 
sitory. 


hereditary hemoglobinopathies; newer aspects of 
the etiology and specific therapy of leukemia; the 
identification of the multiple factors responsible for 
coagulation disorders; preoperative screening de- 
vices to rule out a bleeding tendency; manage- 
ment of thrombocytopenic .purpura with steroids 
and splenectomy. Research and clinical aspects are 
integrated. Virtually all of the material discussed 
appears for the first time in a book dealing ex- 
clusively with pediatric hematology. 


By CARL H. SMITH, M.A., M.D., Professor of Clinical 
Pediatrics, Cornell University Medical College, New 
York, N. Y.; Attending Pediatrician, The New York Hos- 
pital, New York, N. Y.; Consulting Pediatrician, Beek- 
man-Downtown Hospital, New York, N. Y.; Fitkin 
Memorial Hospital, Neptune, N. J.; Misericordia Hos- 
pital, New York, N. Y.; New York Infirmary, New 
York, N. Y.; St. Joseph’s Hospital, Far Rockaway, N. 
Y.; Sea View Hospital, Staten Island, N. Y.; Consulting 


Hematologist in Pediatrics, Lenox Hill Hospital, New 
York, N. Y. Published November, 1960. 572 pages, 
6%,” x 9%”, illustrated. Price, $17.00. 


Order on 30 Day Approval. Money Back Guarantee! 


The C. V. Mosby Company 


3207 Washington Boulevard, St. Louis 3, Missouri 
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for maximum hormone 
absorption in preparation 
of urine extracts for 
pregnancy testing 











used by many leading 
university and government 
laboratories for fast, accurate 
tests at lower cost! 










INCREASED ACCURACY 
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ELIMINATES DRUG REACTIONS 

NO DENATURING OF HORMONE 

MORE COMPLETE HORMONE ADSORPTION 
NO ANIMAL LOSS FROM TOXIC URINE 
COSTS LESS THAN Sc PER TEST 

FOR USE WITH FROGS, MICE AND RABBITS 


LOUIS C. HERRING : CO. 
25 EAST UNDERWOOD AVE. ORLANDO, FLA. 
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KLETT SCIENTIFIC PRODUCTS 


Klett-Summerson Photoelectric Colorimeters, Colorimeters, 
Nephelometers, Fluorimeters, Bio-Colorimeters. Compara- 
tors, Glass Standards, Glass Cells, Klett Reagents 














THE KLETT-SUMMERSON 


PHOTOELECTRIC 
COLORIMETER 





Developed with the requirements of 
routine colorimetric analysis particular- 
ly in mind, but has found application in 
a variety of unusual analytical proce- 
dures as well. No logarithm tables or 
“calibration curves” on semilogarithmic 
paper required. The concentration of 
unknown is obtained directly from the 
scale reading by simple calculation. 


$205 


KLETT 
BIO-COLORIMETER 


The visual color- 
imeter illustrated 
presents a num- 
ber of outstand- 
ing features mak- 
ing it ideal for 
clinical or re- 
search work. 
Built on the most 
modern miechani- 
cal and optical 
principles it is 
widely accepted 
for its accuracy 
and durability. $165 


Klett MANUFACTURING CO. 


179 EAST 87th STREET, NEW YORK, N. Y. 
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Fig. 1322. Electron micrograph of oligoden- Fig. 1325. Electron micrograph. Cellular 
droglioma. Several neoplastic cells with processes and cells forming this optic nerve 
abundant pale cytoplasm are arranged near glioma are strikingly similar to those of 
a blood vessel (lower right). Mitochondria gliosis. From child 6 years of age. (x7,000.) 
are especially prominent in cell at left of (Courtesy Dr. Sarah Luse.) This illustration 
blood vessel. (x5,000.) (Courtesy Dr. Sarah appears 40% larger in the book. 

Luse.) This illustration appears 40% larger 

in the book. 
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One of the most up-to-date, thorough and 
authoritative books on general pathology 
in print today 


W.A.D. Anderson New 4th Edition! PAT H O L O G Y 


This new 4th edition of PATHOLOGY is one of the most complete and 
detailed one-volume works of its kind—encompassing general pathology, 
special or organ pathology, and surgical pathology. In preparing this re- 
vision, W.A.D. Anderson, M.D., has followed the exceptionally successful 
format of previous editions and again surrounded himself with 34 well 
qualified pathologists and authors to produce a well rounded book that is 
authoritative, up-to-date and accurate in every detail. 





Virtually every part of the book has been extensively revised, and several 
areas have been completely rewritten. You will be particularly pleased to 
find that in this new 4th edition special attention is given to radiation 
effects, oral and dental diseases, viral diseases, and tropical and parasitic 
diseases. New chapters have been added on mesenchymal tumors of the 
soft tissues and hypersensitivity diseases. New findings and newly recog- 
nized conditions have been stressed throughout this new edition, and in 
particular in those areas where additional knowledge is of clinical signifi- 
cance. 





With the addition of more than 90 new illustrations, equal in quality 
to the photographs shown above, this book continues to be one of the 
most profusely and most effectively illustrated books on this subject. Among 
other changes which give Dr. Anderson’s classic work a truly modern 
look is the new, larger page size. 

Edited by W. A. D. ANDERSON, M.A., M.D., F.A.C.P., F.C.A.P. Written by 35 


contributors. Published August, 1961. 4th edition. 1389 pages, 7%” x 1012”, 
1385 illustrations, 7 color plates. Price, $18.00. 


Order on 30 Day Approval from 


The C.V. MOSBY Company 


3207 Washington Boulevard, St. Louis 3, Missouri 
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(See also page 36) 








LIVE FROGS for PREGNANCY - DIAGNOSIS 


Year ’round supply of selected large, healthy, male frogs for latest pregnancy 
test (99% accuracy). Cost negligible. Negative test animals can be used 
repeatedly. Results in less than two hours. Prompt shipment anywhere, by air 
to distant points. Prices include screened shipping crates and boxes. 





Frogs. With complete directions for use and care. Dozen_-.--§$ 7.50 
Laboratory Tank with Cover 7.00 
Isolation Jar, 5” x 7” with weighted metal cover -~~~~~---.~.... 3.50 
Frog pregnancy test kit, complete, 14 items including 

12 live frogs a 35.00 





Est. SSOl 1919 


NEW YORK SCIENTIFIC SUPPLY CO. - - - - 28 West 30th St., New York 1, N. Y. 


Headquarters for Live Frogs 


Rana pipiens 











WHITE MICE GUINEA PIGS RABBITS 


Swiss-Webster Cross—Very Docile Mouse 
“ALL MICE RAISED BY ME ARE RAISED IN PLASTIC PENS” 


STOCKER ANIMAL FARM, 44 N. Central Ave., Ramsey, N. J. - Phone: DAvis 7-1064 








RABBITS GUINEA PIGS 
Developed and housed to insure best results in all types of tests 
Continuous supply and prompt shipment FOB Indianapolis 
-PAUL HAMM RABBITRY R.R. No. 4 =TUcker 11-2188 Greenwood, Ind. 











DAN ROLFSMEYER CO. 
ALBINO RATS SWISS (ALBINO) MICE 


Price List on Request 


Route 3, Syene Road, Madison 5, Wis. PHONE ALpine 6-6149 



























RATS ¢ © MICE 
GUINEA PIGS ¢ © RABBITS 
Clean, Ventilated up to date Buildings- 
Industrial Washing Machine, Steam 
Sterilizer - Regular Testing of Stock 
for Detection of Disease. 
Send for brochure 


LABORATORY ANIMALS 
FOR SCIENTIFIC & MEDICAL USES 


HEMLOCK HOLLOW FARM 


414 BLACK OAK RIDGE ROAD WAYNE NEW JERSEY 
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SINCE 1945 


XENOPUS LAEVIS FROGS X-L FEMALE FROG PREGNANCY 
exclusively TEST 
No Seasonal Variations 


No False Positives 


Highest accuracy—economy—speed. Test so 
simple requires minimum of technician’s time 
using either urine concentrate or blood serum. 
No microscope work or surgery of the animal. 
Write for literature. Animal cost per test 10¢ to 


15¢. 
JAY E. COOK, Importer 
Cockeysville, Maryland, U.S.A. 

















L A B O RATO RY Albine Rats from Wistar Strain 
ANIMALS Albino NZ Rabbits 





Hamster 
. > ALBINO FARMS 
. 1929 *stalniess steel watering tubes for P. O. Box 331 
since laboratory animals BENT or STRAIGHT RED BANK, NEW JERSEY 








Male Frogs for Pregnancy Tests 


One dozen $3.50, or $3.00 per dozen for 2 dozen or more. Mealworms (food), thousand 

$3.35. Postage extra. Frog Bulletin and Scientific Supply Catalog on request. 
QUIVIRA SPECIALTIES CO. 

4204 W. 2\st Street “t+ “t+ ot Topeka 32, Kansas 


FROGS HORMONE TESTED 


Greater accuracy is achieved when you know the sensitivity of the animal. 

Free Laboratory Manual on pregnancy testing and the care of frogs in the laboratory. 
Be sure of year round supply at lowest prices and fastest service available. 

Orders delivered within 36 hours after we receive them. 








For information and prices, phone or write: 
J. R. SCHETTLE FROG FARM, INC. Stillwater, Minnesota 


Fast Service. All orders shipped via air same day 
FROGS received. Live delivery guaranteed. 


Write for handbook giving full information 


E. G. STEINHILBER & CO., INC. 
102 Josslyn Avenue (Est. 1922) Oshkosh, Wis. 
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and Pre-operative Diagnosis. 
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first name in Osmometry.... 


More laboratories have specified Osmometers 
from Advanced Instruments than from all other 
sources combined. 


ADVANCED 
OSMOMETERS 


® Regional schools of Osmometry 












® Continuing service and complete 


parts for all earlier models 
The all-new 1961 Laboratory Model 31L 


@ smaller 

@ fully-insulated bath 

@ 5-year refrigeration 
@ push button operation 
® more stable probes 


ADVANCED 
INSTRUMENTS, nc. 


@ Advanced uniform 6-Step instructions 
for all models 


Send for latest specifications today 





40 Kenneth St., Newton Highlands 61, Mass. 
Telephone DEcatur 2-8200 
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Preserve Your Journals 
With This 


4 e55e 4 ones 


Volume File 
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Specially designed and produced for The 
Journal of Laboratory and Clinical Medt- 
cine, this file will keep one volume, or six 
issues, Clean, orderly and readily accessible. 
Picture this distinctive, sturdy Volume File 
on your bookshelf. Its rich red and green 
Kivar cover looks and feels like leather, and 
the 16-carat gold leaf hot-embossed lettering 
makes it a fit companion for your finest 
bindings. 


Hesse Jones | ke Corporation 


The Volume File is reasonably priced, in 
spite of its costly appearance. It is sent post- 
paid, carefully packed, for $2.50 each. Most 
subscribers will find it more convenient and 
economical to order 3 for $7.00 or 6 for 
$13.00. When ordering specify file for The 
Journal of Laboratory and Clinical Medicine. 
Send check with order. Satisfaction guaran- 
teed. Can be sent to U.S. and Possessions 
only. For prompt shipment, order direct 
from 


(Since 1843) 


P.O. BOX 5120, PHILADELPHIA 22, PENN. 






















Trademarked 
drugs... 






or “drugs — 
anonymous” 

















In the field of medicine, as almost everywhere else in a free economy, 
the trademark concept has evolved over the years. As with most 
human institutions, there are some who may not consider it ideal; 
but it has brought about three signal benefits: 


To the physician it gives assurance of quality in the drugs he 
prescribes—assurance backed by the biggest asset of the maker, 
his reputation. 


To the manufacturer it gives one of the greatest possible incen- 
tives to produce new and better curative agents. 


To the pharmacist it gives preparations which he can dispense 
with confidence. 


If trademarks are done away with, a whole new setup must be created: 


1. An enormously expanded, expensive system of government 
quality control. 

2. A new system of generic nomenclature which would magi- 
cally turn out names not only rememberably simple, but also 
conforming to the principles of complex chemical terminology. 
3. Something new to fill the gap left by the elimination of the 
trademark incentive to produce new and better drugs. 


The American system has been pre-eminent in producing and distrib- 
uting good medicines. Above all it has been successful in creating 
new advances in therapy. In a dubious effort to provide cheaper 
medicines by abolishing the trade names upon which the responsible 
makers stake their reputations, let us beware of sacrificing this success. 


This message is brought to you on behalf of the producers of prescription 
drugs to help you answer your patients’ questions on this current medical 
topic. For additional information, please write Pharmaceutical Manufacturers 
Association, 1411 K Street, N. W., Washington 5, D.C. 





















DRY YOUR PAPANICOLAOU SMEARS + STAIN THEM AT ANY TIME 


Eliminate the Ether-Alcohol Fixation of Papanicolaou Smears With 


CYTO DRI-FIX—PARAGON | 


instantly fixed, preserved, and dry. 


tories and patients.” 


which may be mailed to the laboratory in ordinary slide mailers. 
any other cyto stain with no change in your staining technic. 


its unfailing excellence, convenience and economy over ether-alcohol fixation. 


Smears are readily carried and as easy to mail as a letter. 
No bottles of ether-alcohol necessary. 


cytology smear for any staining technic. 
*Bauer, A. C. and Redner, W. J., Jr., Obst. & Gynec. 17:325, 1961 


PS1288 500cc Bottle $5.25 
PS1298 100cc Bottle 1.60 


Write for Free Trial Sample 


A few drops of Cyto Dri-Fix on a fresh smear dries it in a few minutes. The smear is 


BAUER & REDNER* from the First U. S. Army Medical Laboratory in an article 
entitled ‘New Fixative for Cervical-Vaginal Smears’ conclude as follows regarding 
Cyto Dri-Fix—Paragon, ‘Use of a new resin solution in alcohol, which is applied to the 
fresh smear with a dropper, has been evaluated and found to be superior to other 
methods. Tests show its advantages for private physicians, large clinics, cytology labora- 


Dry Papanicolaou smears may now be sent to the laboratory for staining in ordinary 
slide mailers just like blood smears, bacteriology smears, tissue slides, etc. Eliminates 
ether-alcohol fixing bottles. Cyto Dri-Fix distributed to physicians effects tremendous 
savings in ether-alcohol. Scc of Cyto Dri-Fix is sufficient to prepare 20 to 25 smears 


The dry smears may be stained at any time up to 6 months. They will yield perfect 
cytological detail and color balance with Papanicolaou stain, Hematoxylin and Eosin or 


Thorough testing and evaluation of Cyto Dri-Fix using all types of smears and con- 
ducted under the guidance of Pathologists in several cytological laboratories attests to 


ADVANTAGES OF CYTO DRI-FIX—PARAGON are (1) Smear remains dry, fixed 
and preserved until ready for staining—up to 6 months. (2) Dry slides are more easily 
sent to the laboratory in ordinary slide mailers. (3) Finer detail and faithful color 
rendition when smear is stained. (4) No change in your staining technic. (5) Elimi- 
nates the need for distributing large quantities of ether-alcohol fixing bottles to phy- 
sicians. (6) Economical—the 100cc bottle fixes 400-500 smears (eliminating more 
than 10 liters of ether-alcohol). (7) Can be used to dry, fix, and preserve any type of 


CONVENIENT FOR THE PHYSICIAN—INDISPENSABLE FOR THE CANCER DETECTION UNIT 





All prices F.O.B. New York, New York, and subject to change without notice. 


Manufactured exclusively by 


Cable address: Wijeno, New York 
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Sign up and you’re 
saving. You can put any 
size ‘‘installment’’ you 
want into Savings Bonds 
on the Payroll Savings 
Plan — even 63¢ a day. In 
40 months this amount 
adds up to $750 saved 
and $250 earned at ma- 
turity. 





How to get paid 
3°4% interest for buying 
on the installment plan 
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Ever hear of a payment plan that 
has no interest or carrying charges, 
and pays you 33%¢ for every $1 
installment you make? There is one, 
you know —the Payroll Savings Plan 
for U.S. Savings Bonds. Your pay- 
roll clerk will set aside any size in- 
stallment you wish (as little as $1.25 
a week) and as the money accumu- 
lates, buy your Bonds. You can cash 
them with interest anytime you need 
them. But hold them for 7 years, 9 


months, and the Government pays 
you at the rate of 334% a year, com- 
pounded every 6 months—$4 guar- 
anteed for every $3 you invested! 


The beauty of Savings Bonds 


¢ You now earn 334% to maturity, 
144% more than ever before « You in- 
vest without risk + Your Bonds are re- 
placed free if lost or stolen « You save 
more than money —you buy shares in a 
stronger America. 


You save more than money with U.S. Savings Bonds 


This advertising is donated by The Advertising Council and this magazine. 
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PHOTOVOLT PHOTOVOLT Densitometer 


Clinical pH Meter Mod. 125-B for E tro h oresi 
Blood pH Tests for Paper Electrop $ 





A precision instrument for convenient 
and speedy evaluation of strips of filter 
High accuracy, combined with simplicity of paper in paper electrophoresis 
operation and maint ; ” ; , 

re en $225 Write for Bulletin #755 to: 


Write for Bulletins Nos. 118 and 122 to: 
PHOTOVOLT CORP. 





PHOTOVOLT CORP. 1115 Broadway New York 10, N. Y. 
1115 Broadway New York 10, N. Y. ALSO 
Also: Densitometers for Paper Electrophoresis © Clinical , ' 
Colorimeters @ Fiuorimeters @ Hemaglobinometers @ Ex- nn eiretelaiietins Seria Pctanaters 
posure Photometers for Photomicrography Nephelometers Hemoglobinometers 





Exposure Meters for Photomicrography 








REFERRED BIOCHEMICAL ANALYSES 


Electrophoresis for Protein Fractionation, Lipoprotein Fractionation, Abnormal 
Hemoglobins; Catecholamine determinations for adrenaline and noradrenaline; 
Transaminase levels; Hormone Assays; Protein-Bound Iodine 
determinations; Toxicological Assays; Antistreptolysin-O Titers; 
and other difficult and time-consuming tests. 


Services available nationally by Air Mail. Shipping containers with vials available on request 
Write for: List of Services, Literature, and Containers 
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NALYTICAL-CLINICAL-RESEARCH 
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(2) Mention the name of this Journal. (We publish twelve periodicals. ) 
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which we sent your last copy. 

(4) Give us your new address—complete—including the Postal zone number. 

(5) Please print your name and address. 
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Cirowlation Department, The C. V. Mosby Company, Publishers, 3207 Washington Blwd., 
St. Lowis 3, Mo. 
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NEW APPROACH TO 


ELECTROCARDIOGRAPHIC 


EVALUATION AND INTERPRETATION 


By ERNST SIMONSON, M.D., 
Professor of Physiological Hy- 
giene, University of Minnesota, 
Minneapolis, Minn.; Consultant 
in Electrocardiography at Mt. 
Sinai Hospital and Veterans 
Administration Hospital, Minne- 
apolis, Minn. Just published. 
Approx. 310 pages, 6%” x 
9%,” illustrated. About 
$12.00. 


Fig. 67. Nearly perfect can- 
cellation of ECG's taken at 
different locations on the body 
surface in a healthy young 
man. The locations are given 
by the level of the intercostal 
space (Roman numerals) and 
by vertical lines (1 to 12) at 
intervals of 30°, with refer- 
ence to a hypothetic heart cen- 
ter. 


Just Published! 


DIFFERENTIATION BETWEEN 
NORMAL AND ABNORMAL 
IN ELECTROCARDIOGRAPHY 


Here for the first time is a definitive answer to the difficult 
question, “What is a normal electrocardiogram?” In writing 
the Foreword of this distinguished book, Charles E. Kossmann, 
M.D., said, “There is nothing like it in existence, presumably 
because no one but Dr. Simonson has had the fortitude, per- 
severance and skill to get the answer. . .” This new book de- 
fines normality at rest and under stress, with correction for 
age, sex, body weight and electrical position. It can help you 
avoid the dangers of diagnostic error due to normal variations 
by thoroughly analyzing all technical, functional and constitu- 
tional factors which affect the ECG. It can also help you im- 


prove diagnoses by the use of stress tolerance tests which it 


carefully discusses and documents in full. With the help of 
this new book, the application of electrocardiography in your 
practice can be put on a firm statistical foundation. 


BULK OF MATERIAL IS NEW! 


* Presents late advances mae from detailed analysis of 
75,000 measured electrocardiographic individual items. 

* Describes developments in electrocardiographic theory and 
vectocardiography. 


* Gives breakdown of the chest leads into positional groups 
in the horizontal plane. 


Order on 30 Day Approval from 


The C. V. MOSBY Co. 


3207 Washington Boulevard, St. Louis 3, Missouri 


J. Lab. & Clin. Med. 




















FOR MEN AND WOMEN! 
A 
WORTHWHILE 
—— 
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LABORATORY 
TECHNIQUE 


THE GRADWOHL SCHOOL OF LABORA- 
TORY TECHNIQUE is an ethical school, 
manned by competent ethical physicians and 
technologists and enjoys a high rating among 
the medical profession . . . Graduates placed 
in desirable positions since 1920. Gradwohl 
graduates are recognized as expert techni- 
cians. 

Course includes—Clinical Microscopy; Hema- 
tology and Blood Goecntest Serology; Ap- 
plied Bacteriology; Basal Metabolism; Blood 
Chemistry; Electrocardiographby; Parasitology; 
Tissue Cutting and Staining. 


ENROLL NOW for priority. 12- 
month course; 6-month intern- 
ship. Classes begin Jan., March, 
June, July, Sept., Oct. 

40th Successful Year 


SCHOOL OF 
LABORATORY 
TECHNIQUE 


Founded in 1920 by R. B. H. Gradwohl, M.D. 
Stanley Reitman, M.D., Medical Director 
3514 LUCAS AVE. ST. LOUIS 3, MO. 

















Sterile 


Sheep 
Blood 





For 
BLOOD PLATES 
PREPAID 
Via Air Mail Special Delivery 
ART CCT, 
eee re ae 


*Write for prices on weekly or 
biweekly standing orders. 


THE BROWN LABORATORY 


302 Watson, P. O. Box 424 
Topeka, Kansas 
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ANNOUNCING! 


UNIFORM 
ROCKLAND 
DIETS 

NOW IN 


Nel Sle, 
Me) SUA 


For more efficient feeding... 
Easier eating...Less waste 


NO CHANGE IN FORMULATION 











New flat-oval, can't-roll 
pellet now available in 
Rockland Mouse and 
Rat Diets. 


New 3/16” bite-size pel- 
let now available in 
Rockland Rabbit and 
Guinea Pig Diets. 


Greater ease and convenience of feed- 
ing; improved, more uniform feed in- 
take; less waste—these are but three 
reasons why investigators prefer the 
new pellet size and shape of Rockland 
Diets. These new pellets flow easily and 
efficiently through standard feeders, as- 
suring an adequate feed supply for the 
animal at all times. And because ani- 
mals find these pellets easier to eat, less 
fines and crumbles result. For improved 
productivity, efficiency and economy, 
investigate the many advantages of 
famous Rockland Standard Reference 
Stock Diets— available in new impreved 
size and shape. See your Rockland 
Dealer for further information, or write: 
A. E. Staley Mfg. Co., Decatur, Illinois, 
manufacturers and distributors of: 


ROCKLAND DIETS 
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ACCURATELY MEASURES OSMOTIC 

PRESSURES by FREEZING POINT METHOD 

®@ Check for overhydration, dehydration, renal 
shutdown or other kidney disease. 











® Measures Hyperosmolarity not detectable by 
other methods. 











® Monitors Osmolarity of parenteral, artificial 
kidney and dialyzer fluids. 





® Provides diagnostic information in diabetes 
insipidus or mellitis. 


FISKE OSMOMETERS, now in use in over 600 
research centers and laboratories, prove the re- 
liability of this instrument. 


Today's FISKE OSMOMETER, available in labor- 
atory or portable models, offers these . . . 


NEW, EXCLUSIVE FEATURES: 


@ SHOCK FREEZING 
@ STAINLESS STEEL UNBREAKABLE TEMP. PROBE 
@ DUAL STIRRING RODS 

@ INTEGRATED PRE-CHILL BATH 

@ ROTARY STIRRING 

@ BUILT-IN INTERVAL TIMER 




























































For complete details, specifications and 


applications, write to: 
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FISKE ASSOCIATES,INC. 
BETHEL, CONNECTICUT 
Creators of 


Precision Electronic Devices 








rH ARFORD 


SMALL 
ANIMAL 


Model JD-104 


FOR RATS AND MICE 
A carefully designed, precision- 
built unit. A favorite with research 
men who work with small animals. 
Standard Overall Size: 7 in. wide, 
7 in. high and 14 in. deep. Special 
sizes on request. 


Correspondence invited 


H ARFOR D 


METAL PRODUCTS, Inc. 








DEPT. J, 


ABERDEEN, MD. 











GIVE HELP TO THE GOOD SHIP HOPE 


In the troubled waters off Southeast Asia, a group 
of Magnificent Americans—doctors, dentists, nurses 
and various technicians—are waging the peace by 
training and teaching local medical workers to 
eventually meet their vast health problems. 


To the Indonesian press, these Americans and 
this ship represent “the heart of a mighty nation.” 
For information on how you can help the good 
ship HOPE, write to Project HOPE, 1818 M St., 
N.W., Washington 6, D. C. 


Le 
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Acuglobin 


TRADEMARK 


HEMOGLOBIN STANDARD 
Cyanmethemoglobin 
Assay pT. mg. Hb. 


per 100 ml. 








Send for your 


methodology kit today... 


drop us a post-card 








Ever think what it costs to handle . . . and replace 
... all the glassware involved in routine 
clinical chemistry analyses? 


The man-hours spent in rinsing and scrubbing-up? 
The delays? The dollars down the drain in 
breakage? Tot up the costs over a year, and 
you'll come up with a surprising total . . . could 
run to thousands of dollars in some institutions. 


AutoAnalyzer in your laboratory ends all that. Itneeds 
no flasks, funnels, pipettes, burettes or other glass 
vessels. It is self-contained, self-operating, self-cleansing. 


Glassware savings may seem a small matter compared to 

the big job AutoAnalyzer can do for you (as of right now, 
methods have been perfected to handle up to 90% of the 
routine clinical lab test-load,* with more coming every day). 


But it’s indicative of the all around economy and— 
let’s face it—indispensability of the AutoAnalyzer in the 
modern laboratory. 


*That’s right —AutoAnalyzer will accurately perform up to 
90% of the routine clinical lab test-load automatically. We'll 
be glad to show you; ask us to send you an up-to-date roster 
of accomplished tests and methods. 


TECHNICON® 


wdol\nalyzer’ 


CHNICON INSTRUMENTS CORPORATION 


New York 
















AN AMES CLINIQUICK” 
GRAPHIC 

ANALYSIS 

RECORD 

MAY TELL YOU... 


ths color chart and Over 2% 
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Periorm Test © Record Dete and URINE-SUGAR ei oe RECORD 
i T.me ot Test * Mars bor speosite 

aie anata ee name Cha fare ad 


| .-e WHAT YOUR 
| DIABETIC DOESN°T! 








for day-to-day appraisal of diabetic control 


| color-calibrated 


—~s CGCLINITEST 


COMPANY, INC 
Elkhart « Indiana 








eect standardized test for reliable quantitative estimations 


*Each Clinitest Set, and reagent tablet refill, contains a 

rN Graphic Analysis Record. Daily urine-sugar readings may 

amt be plotted to form a useful “profile” that helps to evalu- 
10361 


ate, at a glance, individual trends and degree of control. 

















